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EDITOR’S  PREFACE. 


Considering  the  fact  that  there  are  already  a number 
of  excellent  and  widelv  known  text-books  and  atlases  of 
histology,  it  may  seem  like  a hazardous  venture  to  enter 
nj)on  the  field  with  something  new.  8(d>otta  has,  how- 
ever, in  his  “Atlas  nnd  (Trnndriss  der  Ilistologie  nnd 
mikrqskoj)isehen  Anatomie  des  Mensehen,”  sneceed('d  in 
combining  an  abundance  of  well-chosen  and  most  accurate 
illustrations  with  a concise  text  in  sncli  a manner  as  to 
make  it  both  atlas  and  text-book. 

The  illustrations  comprise  eighty  lithographic  j)lates, 
which  hav(‘  been  reproduced  with  the  aid  of  over  thirty 
colors,  and  sixty-eight  figures  reproduced  with  tlie  aid  of 
])liotomcchanical  metliods.  The  publishers  have  spared 
110  expense  in  the  re])roduction  of  jilatcs  and  figures;  tliey 
have  been  printed  witli  tiu'  greatest  care  and  exactness, 
and  jiortray  most  faithfully  the  mi(U’oseo|)ic  preparations 
reproduced.  T1h‘ oi-igiuul  drawings  wliieh  flirmed  tIu'  liasis 
of  nearly  all  the  ilhistratiousof  this  volume  were  madeafter 
the  following  method,  suggested  by  Sohotta  : 'The  prepa- 

rations were  jihotographed  uud(>r  the  same  magnification  as 
that  tinder  which  they  were  drawn.  T1k>  photographs  were 
then  used  as  a liasis  for  the  drawings,  in  that  outline  draw- 
ings, ev'cn  to  the  finest  details,  were  traced  on  tracing-paper; 
these  outline  drawings  were  then  transferred  to  drawing- 
paper.  'fliis  method  assures  exactness  of  magnification  ; 
by  means  of  it  distortion  is  avoidnl,  and  during  the  ]irc|)- 
aration  of  the  drawing  the  photograph  sc'rves  as  a control 
picture.  .As  the  details  of  a drawing,  especially  of  a gen- 
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oral  view  under  low  magnification,  are  nearly  always  filled 
in  under  a lens  of  higher  power,  there  is  always  a danger 
that  the  cell-nncU‘i  are  represented  larger  than  the  magnifi- 
cation ])ermits  ; this  is  avoided  by  the  above  method.  In 
a few  instances  a number  of  photographs  were  cond)ined 
to  make  a single  drawing.  Some  two  hundred  micro- 
])hotograi)hs  W(‘r(>  made  for  the  figures  represented  in  the 
atlas.  Nearly  all  the  illustrations  in  the  volume  were 
made  under  relatively  low  magnifications,  such  as  are 
used  by  the  majority  of  sttuh'iits  in  the  general  micro- 
scopic courses.  Attention  may  esjK'cially  be  drawn  to 
numerous  figures  portraying,  under  very  low  magnifica- 
tion, a general  view  of  entire  organs  or  parts  of  organs,  thus 
giving  the  student  more  accurate  mental  j)icturcs  of  the 
relations  of  tin;  component  structures  than  can  be  gained 
by  a study  of  figures  giving  smalt  areas  under  higher 
magnification. 

The  great  majority  of  the  illustrations  were  made  from 
sections  ])rc])ared  from  human  tissues,  obtained  from  indi- 
viduals who  had  been  exeeuted  ; some  few  from  tissues 
taken  from  a bf)dy  two  and  a half  hours  after  death, 
ddie  ti.ssues  employed  may  therefore  be  regarded  as  fresh 
and  normal  in  every  respect.  Nearly  all  the  micro.scopic 
j)reparatious  I'eproduced  were  made  by  Sobotta ; a few 
were  obtained  from  the  anatomic  collection  at  Wurzburg; 
some  few  from  j)rivate  collections ; for  these,  apj)ropriate 
credit  is  given  in  the  legends  describing  the  respective 
figures.  Tissues  from  animals  served  the  ])urpose  when 
it  was  desirable  to  illustrate  a special  structure  or  a char- 
acteristic ai'rangement  of  tissue-elemeuts,  or  in  a few 
instances  when  human  tissues  wei’e  not  available. 

The  text  is  as  brief  and  concise  as  ]K)ssible.  Neither 
references  to  literature  nor  disj)utcd  views  could  then'fon' 
find  ])lace  therein.  It  is  limited  to  the  generally  recog- 
nized facts  of  microsco])ic  anatomy,  and  is  written  con- 
uect(!(lly  and  without  s])ccial  nd'ereuce  to  the  figures.  In 
assuming  editorial  r('s|)onsibility  lor  the  text,  the  editor 


EDITOR'S  PREFACE. 


7 


of  this  edition  felt  justified  in  bringing  the  views  expressed 
tlierein  in  conforniitv  with  his  own  observations.  lie  has 
thus  annotated  and  altered  very  freely  certain  portions  of 
tlie  sections  on  the  adenoid  tissues,  blood  and  the  blood- 
forming  organs,  muscular  tissues,  special  sense  organs, 
and  peripheral  nerve  distributions,  and  has  made  other 
minor  changes  as  occasion  j)ermittcd.  Additions  to  the 
text  were  now  and  then  made.  Cei’tain  sections  were 
rearranged  without  material  alterations  in  contents,  and  in 
many  instances  he  has  incor])orated  the  foot-notes  in  the 
text. 

The  illustrations,  especially  those  on  the  lithographic 
plates,  receive  especial  explanation,  the  legends  appearing 
on  the  left  side,  while  the  plates  are  on  the  right.  Plates 
and  text  are  therefore  to  a certain  extent  independent. 
The  reader  mav  follow  the  text  inde])endently  of  the 
plates,  or  iutcr])ret  the  latter  by  the  lielp  of  the  legends. 

The  translation  from  the  (terinau  was  excented  by  Dr. 
Lydia  M.  DeWitt;  the  editor  is  also  under  grateful  obli- 
gation to  her  for  assistance  in  proof-reading. 

G.  Carl  IIurer. 

I'mvkusity  01'  Mi(  inoAX, 

Axx  Akuok,  Michioax. 
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Plate  42. — Sjilivary  Glands. 

Figs.  1 and  2. — Sublingual  Gland. 

Plate  43. — Siilivary  (Jlands. 

Fig.  I. — Submaxillary. 

Fig.  2. — Parotid. 

Plate  44. — Pancreas. 

Fig.  1. — General  View. 

Figs.  2 and  3. — Detail  Figures  of  Pancreas. 

Plate  45. — Liver. 

Fig.  1. — General  View  (»f  Liver. 

Fig.  2. — Columns  of  Liver-cells. 

Plate  40. — Liver. 

Fig.  1. — Injected  Livin’ of  Rabbit. 

Fig.  2. — Rile  Capillaries  of  Rabbit’s  Liver. 

Plate  47. — Liver.  Doubly  Injech’d  Ralilut’s  Liver.  ( Rile  Caj)illaries 
RIuc,  RIood  Ca])illaries  Red.) 

Plate  48. — Kidney.  Geneial  View  of  Structure  of  Kidney. 

Plate  49. — Kidney.  Cortical  Sulistanw-  of  Kidney. 

Fig.  1. — General  View. 

Fig.  2. — Glomerular  Capsule  and  Uriniferous  Tubule. 

Fig.  3. — Rrush  Rorder. 
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Plate  50. — Kidney. 

Pig-  1. — IMedullary  Substance. 

Fig.  2. — Kidney  Injected  thron<>h  Arteries. 

Plate  51.— Kidney. 

Fig.  1. — Injected  Glomeruli. 

Fig.  2. — Kidney  of  Guinea-pig,  Injected  through  Veins. 
Plate  52. — Ureter,  Bladder. 

Fig.  1. — Bladder. 

Fig.  2. — Ureter. 

Plate  53.— Testis. 

Fig.  1. — General  View  of  Testis,  Epididymis,  .andVas  Def- 
erens. 

Fig.  2.— General  View  of  Lobule  of  Testis. 

Plato  5-1.— Testis. 

I'^igs.  1-5. — Pba.ses  of  Spermatogenesis. 

Plato  55. — Epididymis. 

Fig.  1. — Head  of  Epididymis  (Ductus  I'lfferentes). 

Fig.  2. — Body  of  Ei)ididymis  (Ductus  Eijididymidis). 

Plate  5(). — Seminal  Pa.s.sages,  Spermatic  Cord. 

I'bg.  1. — Ductus  Deferens. 

J‘'ig.  2. — Spci’inatic  Cord. 

Plate  57. — Urethra,  Seminal  Vesicle. 

Fig.  1. — Pars  Membranacea  Uretliraj. 

I’ig.  2. — Seminal  Vesicle. 

Plate  5H. — J'rostjite. 

• Fig.  1. — Prostate. 

Fig.  2. — Muscular  Trabcculic  of  Frog’s  Bladder. 

Plate  5!). — Ovary. 

Fig.  1. — Corti(!al  Substance  of  Ovary. 

Fig.  2. — Ovum  and  a Part  of  Discus  Proligerus. 

Plate  (10. — Ovary,  Oviduct. 

Fig.  1. — Transverse  Section  of  Oviduct. 

Fig.  2. — Ovary  of  New-born  Child. 

Plate  Gl. — Uteru.s. 

Fig.  1. — General  View  of  Uterus. 

Fig.  2. — Uterine  Mucous  Membrane. 

Plate  62. — Suprarenals. 

Fig.  1. — General  View. 

Fig.  2. — Under  Higher  IMagnification. 

Plate  63. — Na.sal  Mucous  Membrane. 

Fig.  1. — Olfcictory  Kegion. 

Fig.  2. — Kespiratoiy  Region. 

Plate  64. — Trachea.  General  View  of  Structtire  of  Trachea. 

Plate  65. — Lungs.  Vascular  Injection  of  Lung. 

Plate  66. — Lung,  Thyroid  Gland. 

Fig.  1. — Bronchus. 

Fig.  2. — Thyroid  Gland. 

Plate  67.— Skin. 

Fig.  1. — General  View  of  Structure  of  Skin. 

Fig.  2. — Injection  Preparation  of  Skill. 
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Plate  (is. — Skin,  Hair. 

Fig.  1. — Papilla?  of  Epidermis  and  Corium. 

Fig.  2. — Cells  of  Stratum  Dentatnm. 

Fig.  3. — Longitudinal  Section  of  Lower  Portion  of  Root  of 
1 lair. 

Plate  (19. — Hair.  General  View  of  Structure  of  Scalp,  with  Longi- 
tudinal Section  of  Hairs. 

Plate  70. — Hair. 

Figs.  1 and  2. — Transverse  Sections  of  Root  of  a Hair  in  the 
Middle  and  Lower  Portion. 

I’late  71. — Hair,  Sweat-glands. 

Fig.  1. — Cros.s-sectioii  of  Hair  (General  View). 

Figs.  2-4. — Axillary  Sweat-glands. 

Fig.  5. — Sweat-glands  of  Scalp. 

I’late  72. — Sebaceous  Glands  and  Nails. 

Fig.  1. — Sebaceous  Gland. 

Fig.  2. — Cro.s.s-section  of  Nail. 

Fig.  3. — Longitudinal  Section  of  Nail. 

Plate  73. — Mammary  Gland. 

Fig.  1. — Gcnefal  View. 

Fig.  2. — Detailed  View  of  Human  IVlammary  Gland. 

Fig.  3. — Detailed  View  of  the  Mammary  Gland  of  the  IMouse. 
I’late  74. — Eye.  General  View  of  the  Eyeball  (Horizontal  Section). 
I’late  7o. — Eye. 

Fig.  1. — Cornea. 

Fig.  2. — Cross-sectiou  of  the  Three  Tunics  of  the  Eye. 
Plate  70. — Eye. 

Fig.  1. — Cornea,  Iris,  Coiims  Ciliare. 

Fig.  2. — Lens. 

I’late  77. — Eye. 

Fig.  I. — Cro.s.s-section  of  Retina. 

Fig.  2. — Fovea  Centralis. 

Fig.  3. — OraSerrata. 

Plate  78. — Eye,  l.achrymal  Gland. 

Fig.  1.  — Entmnee  of  Optic  Nerve. 

Fig.  2. — Lachrymal  Gland. 

Plate  79. — Eyelid,  (ieneral  View  of  Eyelid. 

Plate  80. — Organ  of  Hearing. 

Fig.  1. — External  Auditory  Canal. 

Fig.  2. — Cochlea. 
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(A)  THE  HISTOLOGY  OF  CELLS  AND 

TISSUES. 


I.  THE  CELL. 

The  cell  i.s  the  ultimate  unit  of  a living  organism. 
Every  living  organism  originates  from  a cell.  The  pro- 
tozoa consist  of  a ningle  cell,  while  the  metazoa  are  viulti- 
cellular.  The  cells  of  the  metazoa  are  structurally  and 
functionally  ditferentiatcd,  cells  having  similar  structure 
and  similar  function  being  united  into  larger  divisions 
known  as  //.s-.s-aos. 

Multicellular  organisms,  when  fully  developed,  consist, 
however,  not  only  of  c('lls,  but  also  of  ccll-products.  The 
cells  are  therefore  to  be  rcgai'di'd  as  the  j)riiiu(ri/  denientary 
(‘ousfitacnU  of  more  highly  developed  organisms,  the  sec- 
oiiddrii  (•h'nicnlnnj  conHfUuenl.'i  being  tlu^  excretory  or  trans- 
formation products  of  cells.  In  this  latter  category  we 
may  phu;e  the  fluids  of  the  body,  as  \vell  as  the  ground 
substance,  the  cement  substance,  (certain  ciiticular  forma- 
tions, grannies,  and  especially  fibers  and  fibrils.  The 
essential  differeiiec;  between  the  primary  and  seciondary 
elements  of  the  body  is  that  tlu'  primary  elementary  con- 
stituents, the  cells,  are  capable  of  imlependeut  |)roHferatiou, 
while  S(;condary  elementary  constituents  ha\’e  no  such 
|)ower.  Excretion  or  trausformat  ion  products  (^aii  tak(? 
their  origin  oidy  from  the;  cellular  elements.  A new  cell 
may  originate;  fVom  a cell,  but  a new  fiber  cannot  originate 
from  a fiber. 

'fhe/o/v/i,  of  the  c.rll.  is  manifold.  'Tlu;  spherical  form 
may  be  regarded  as  fundamental,  since  it  is  the  form  pre- 
sented by  the  ovuia,  the  cell  from  which  all  otlu;  r (!clls  of 
2 17 
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tlie  niulticollular  oro;nni.sm  develop.  Tlie  first  embryonal 
cells  wliicli  arise  from  the  division  of  the  imj)regnated 
ovum  generally  present  the  s})herical  form.  This  fiinda- 
mental  form  ol‘ the  cell,  however,  jircsents  many  variation.s, 
ac(!oi’ding  to  the  position  and  function  of  the  difierentiated 
cells. 

'flic  Hize  of  the  cell  is  subject  to  many  variations  analo- 
gous to  those  of  the  form.  The  smallest  cells  measure 
oidy  ”)  n or  less,  while  the  largest  are  visible  macroscopic- 
ally,  as  for  iustaiicc  the  large  ova  of  many  animals.  The 
c.xtreme  size;  of  siuT  cells  arises  only  through  secondary 
deposition  of  food  material  in  the  cell-body.  Most  cells 
arc  microscopi(!,  oidy  a.  few,  as  the  large  nerve-cells  of 
.some  animals,  being  visible  with  the  unaided  eye. 

'fhere  an;  three  essential  or  principal  constituents  of 
th(i  cell  : (1)  The  ccU-hody  or  the  protoplasm ; (2)  the 

cr/l  nne/eas  ; (8)  the  centrosome.  Jn  addition  to  these,  the 
cell  may  also  contain  other  less  im])ortant  constituents. 
C.’crtain  cells  have  no  nucleus  and,  when  fully  ditferen- 
tiated,  no  centrosome.  Such  cells,  however,  were  origi- 
nally nucleated  (homy  c])ithclial  cells  of  the  epidermis, 
red  blood-cells  of  mammalia,  central  fibers  of  the  lens). 
The  non-nuclcated  condition  represents,  therefore,  a state 
of  senility,  occurring  only  in  highly  ditferentiated  cells  no 
longer  capable  of  division.  (See  pages  55  and  229.) 

The  cell  protoplasm  is  an  extremely  comj)lex  albu- 
minous substance  and  is  the  .seat  of  the  vitality  of  the 
cell.  Many  of  the  vital  jihenomcna  are  not  discernible 
even  under  a powerfid  micro.sco])C  ; on  the  other  hand, 
life  phenomena  may  manifest  themselves  in  ,‘^ome  form 
of  motion. 

d'his  movement  of  the  j)rotoplasm  may  display  itscH 
under  the  form  of  the  so-called  amrhoid  motion,  which 
consists  of  slow  changes  of  form  of  the  ])rotoplasm, 
readily  observed  in  the  colorless  blood-cells  or  leukocytes 
(see  ])age  57),  and  may  result  in  a locomotion  of  these 
cells.  By  the  extension  of  processes  of  the  leukocytes. 
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so-o:ill(‘(l  pscu(l()]io(lia,  tliese  cells  may  not  only  move,  hut 
also  take  up  solid  substances  sncli  as  particles  of  dust, 
bacteria,  etc.;  two  processes  surrounding  the  solid  body 
may  How  togetlier  and  thus  inclose  the  foreign  body  in 
the  cell. 

In  other  cells  certain  differentiated  portions  of  the  ])ro- 
toplasm  are  endowc'd  wdth  motion,  as  the  cilia  of  ciliated 
cells  and  i\w  flagella  of  the  spermatozoa.  In  contradis- 
tinction to  the  ameboid  movement,  the  ciliary  motion  is 
continuous  and  follows  a certain  law,  in  that  the  cilia  move 
always  in  a c('rtain  direction  and  create  a continuous  cil- 
iary current.^ 

The  cell  protoylasm  presents  a very  (H)inplex  driicfurc, 
concerning  which,  even  at  the  present  time,  the  views  of 
writers  arc  widely  at  variance.  According  to  the  view 
HOW  most  generally  accepted,  ])rotoplasm  presents  a fibrillar 
.structure,  the  Hbrils  varying  in  size  and  arranged  in  the 
form  of  a reticular  network  ; this  is  readily  demonstrated 
in  many  cells.  These  Hbrils  of  the  protoplasm  constitute 
the  rnitom,  sjrmf/iojilasrn,  or  i\\c  flhrillar  7nars.  Within  this 
thread-like  stru(;ture,  which  is  visible  only  with  hinh  or 

' V O 

with  very  high  maguitication,  are  scattered  miuute  gran- 
ules, ob.scrved  more  especially  at  the  nodal  ])oints  of  the 
network;  these  are  known  as  micrommc.'<.  'fhat  ])ortion 
of  the  cell  ])roto])lasm  not  oc(;u])ied  by  the  Hbrillar  struc- 
ture and  the  microsomes  must  bo  regarded  as  a fluid  or 
semi-fluid  sul)staucc,  the  inlnjihrillar  substance,  or  the 
hyalopla.s-m.  ^ 

III  addition  to  these  structures  which  occur  throughout 
the  jirotoplasm,  structures  an;  often  found  wliich  are  to  be 

* Tlie  sfM-allid  molecular  motion,  a dancing  motion  of  tine  f;riinnles 
in  fluids,  is  notan  active  motion.  It(M-<jnrs  in  tlie  i)roto))lasm  of  the 
s.'divarv  corpuscles,  dead,  swollen  lenk(K-ytcs,  and  also  in  ^ninnies  of 
India  ink  suspended  in  a fluid,  eUe 

^ .tceordin*;  to  some  ohservers,  the  ])roto])la.sm  consists  of  ffrannles 
which,  if  arrantjed  in  rows,  may  form  threads.  Ae<'ordiiif{  to  an  idea 
which  is  aeec|)tcd  by  few  and  is  .scarcely  worthy  of  helief,  the  ])roto- 
plasm  is  composed  of  .separate  honeycomb-like  si)aces  (foam  theory). 
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roe;arcl(“(l  as  inclosurcs  or  transformation  jirodncts  of  the 
|)rotoplasin.  Tims,  in  many  cells,  especially  in  gland- 
cells  at  (Ik?  time  ot  secretion,  are  found  larger  or  smaller 
grannies,  so-called  zijmnf/ni  granule.^,  which  are  looked 
upon  as  products  of  metamorphosis  of  the  protoplasm  into 
the  special  secretion  of  the  gland  (see  ])age  35).  Most 
ganglion-cells  contain  in  their  protoplasm  large  grannies 
or  Hakes,  which  show  aninity  to  basic  dyes,  which  proba- 
bly also  have  to  do  with  the  metamorphosis  of  the  cells 
and  arc  known  as  _r//’n»H7c.s  (see  page  73).  Other 

cells  contain  in  their  ])rotoplasm  a varying  mimbcr  oi'  fat 
ilropI(‘t.'<,  which  at  times  may  till  the  greater  portion  of  the 
cell,  as  in  the  cells  of  adipose  tissue  (see  page  52).  The 
droj)s  of  sebum  in  the  sebac(‘ons  glands  of  the  skin  show 
a similar  relation,  since  in  their  formation  they  lie  in  a pro- 
toplasmic meshwork.  ddie  meshwork  of  the  ])rotoplasm 
is,  how(!V(‘r,  in  this  (?ase  secondary;  it  develops  only 
through  the  formation  of  the  secretion. 

Other  c('ll  inclosnres  arc  the  ])igiiicnl  granules;  these  are 
smaller  or  larger  grannies,  generally  yellow,  brown,  or  black 
in  color,  and  of  irrcgnlar  form.  Now  and  then  crystalloid 
structures  oc(;nr  in  the  proto])lasm  of  many  cells,  known 
as  crgsta/loids  or  protein  ciystals,  and  may  resnlt  from  the 
crystallization  of  the  albnminons  substance.  (See  Plate  4, 
Fig.  2.)  Such  strnctnres  have  been  observed  in  man  in 
the  epithelium  of  the  lens  and  in  the  interstitial  cells  of  the 
testis. 

The  outermost  layer  of  the  cell  protojdasm,  in  which 
the  mitom  threads  arc  generally  coarser  and  more  closely 
woven,  frequently  becomes  condensed  to  form  a S])ccial 
strnctnre,  known  as  the  cell  membrane ; this  can,  in  typical 
cases,  be  separated  from  the  cell.  It  is  generally  strnctim'- 
less.  In  some  instamies  the  ])cri|)heral,  dillerentiated  layer 
of  the  protoplasm  of  the  cell  gradually  changes  to  the  ordi- 
nary protoplasm.  In  these  cases  wc  s]ieak  of  a crusfa. 

The  cell  nucleus  is  a vesienlar  striietnrc  of  very  varia- 
ble shape,  lying  in  the  interior  of  the  cell.  As  a general 
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rule,  the  form  of  the  nucleus  accommodates  itself  to  tlie 
form  of  the  cell;  thus  very  long,  narrow  cells  have  elon- 
gated nuclei.  The  most  varied  forms  of  nuclei  arc,  how- 
ever, met  with;  they  may  be  nearly  or  quite  spherical, 
many  arc  ellipsoid,  and  in  certain  cases  they  are  distinctly 
lohnlatcd  or  ring-shaped,  or  the  nuclei  arc  indented  or  com- 
pressed on  one  or  several  sides,  so  that  a polynuclear  effect 
may  be  ])roduced.  In  certain  cases  two  or  more  nuclei 
mav  be  found  in  a .sinr/Ie  cell  (in  many  leukocytes,  giant- 
cells  of  the  bone-marrow,  occasionally  in  livcr-cells,  gang- 
lion-cells, etc.).  The  nucleus  is  essentially  the  reprodneUve 
organ  of  the  cell.  Non-nneleated  cells  (see  ]iage  18)  are 
therefore  incapable  of  division.  The  cell  nucleus  contains 
complex  chemical  constituents,  which,  according  to  their 
reaction  to  staining  reagents,  arc  divisible  into  two  clas.ses, 
known  as  the  chromatic  and  the  achromatic  nuclear  con- 
stituents. The  most  im])ortant  of  these  chemical  constit- 
uents of  the  nucleus  is  i\w  chromatin,  chemicallv  nuclein,^ 
which  is  regarded  as  that  ])orti(»n  of  the  cell  which  trans- 
mits the  hereditary  characteristics.  It  presents  itself  in 
ditferent  forms  according  to  the  state  of  activitv  of  the 
nucleus  (see  ])age  22);  usually,  however,  in  the  form  of 
strands  or  threads,  which  fre(piently  anastomose'  and  show 
thickenings  at  tlu'  nodal  |)oints.  The  chromatin  is  sup- 
ported by  the  achromatic  substance,  the  (inin,  which,  in 
the  form  r>f  very  line  threads,  forms  a dense  netwoi-k  in 
the  interior  of  the  nuck'iis.  In  this  network  we  lind  the 
true  nuclear  cor|)Uscles  or  nnctro/l,  which  consist  of  a chro- 
matic siibsttinee  (chemically  iml  uueleiu,  but  paramiclein). 
d’he  nucleus  is  always,  except  during  the  process  of  mu'lcar 
• livi-ion,  siirnMinded  l»y  a unclear  mnnhranc,  consisting  of 
an  achroniiitie  >ub.'t:uiee,  timpliipyrinin.  'The  space  within 

’ Tlic  ossential  vital  |)iii|)frtics  of  tlic  ('liromatiii  ane  iioti  nm'.ssiirilv 
to  the  (cliciiiical  I nuclein,  since  nncicin  is  fonml  in  jiortions  of 
the  body  \\  licrc  tlicrc  is  no  cliromal  in.  Tin-  clicinical  and  the  anatotnio 
concept.s  of  nuclein  are  not  identical. 
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tlie  nuclear  monihranc  in  the  nieslies  of  the  linln  network 
is  lilled  with  fluid,  the  nuclear  sap. 

The  centrosome,  the  third  constituent  of  the  cell, 
rej)resents  the  di/namic  center  of  the  cell  in  the  pi’occsses  of 
cell  division.  In  the  resting  cell  it  a])pears  as  a single 
or  as  two  ])unctiforni  structures,  which  arc  ])rohably  gen- 
erally less  than  1 p in  diameter.  Since  the  centrosome  is 
so  small  aiul  so  didicidt  to  find,  it  has  not  yet  been  ]H)s- 
sible  to  demonstrate  it  in  all  the  cells  of  the  human  body. 
We  need  not,  however,  on  this  account  doubt  its  existence. 
In  many  animal  cells  (ova)  centrosomes  are  often  found  of 
considerably  greater  size.  The  centrosome  often  lies  in  a 
small  clear  area  of  ])rotoplasm,  now  and  then  showing  fine 
radiate  lines.  This  structure  often  becomes  prominent 
only  at  the  time  of  cell  division. 


PROLIFERATION  OF  CELLS. 

(fomj)lex  ])rocesses  affecting  more  ])aiiicularly  the  nucleus 
manifest  themselves  during  the  ])roliferation  of  cells.  The 
division  of  the  cell-body  is  without  exception  preceded  by 
(lirision  of  the  nncletis ; the  former  may  even  fail  to  take  jdace 
and  the  process  then  results  in  the  formation  of  cells  having 
several  or  many  nuclei.  iStructures  which  develop  in  this 
way  and  have  numerous  nuclei  in  a common  protoplasm 
are  known  as  syncitia  ^ or  plasmodia.  Thus  the  trans- 
versely striated  muscle-fiber  is  a syncitium.  In  normnl 
human  tissues  probably  all  cells  divide  by  what  is  known 
as  indirect  cell  division,  karyokinesis,  or  mitosis,  in  conti’a- 
distinction  to  a less  imjxn’tant  type  designated  as  direct  or 
amitotic  cell  division. 

A number  of  phases  or  stages  are  usually  distinguished 
in  the  complicated  jn’oeess  of  mitosis.  The  first  is  the 

' Miuiy  autliors  use  the  term  syiioitium  to  denote  a strueture  aris- 
ing from  the  fusion  of  several  eells,  and  idasmodium  to  denote  forms 
arising;  from  tlie  division  of  the  nucleus  without  any  subse(juent  divi- 
sion of  the  cell. 
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so-callfd  .skein  stage  or  propha.se  ; this  is  followed  by  the 
second  stage,  that  of  the  e(puitorial  plate  or  monaster ; 
third,  the  stage  of  nietakinesis  ; fourth,  the  stage  of  the 
daughter  stars  or  diaster,  the  nieta[)ha,se  ; fifth,  the  pha.se 
of  the  daughter  skeins,  the  anaphase  ; sixth,  that  of  the 
daughter  luielei,  the  telo[)hase. 

The  structural  changes  manifested  in  the  .several  phases 
of  mitosis  are  e.s.sentially  as  follows:^  The  nucleus  of  the 
cell  engaged  in  the  preparatory  stages  of  cell  division 
presents  a peeuliar  rc'arrangeim'nt  of  its  chromatin,  which 
begins  to  be  grouped  into  diatmct  JUa me nt.'<.  This  arrange- 
ment beeomes  more  and  more  detinite,  until  gradually 
a certain  number  of  distinct  single  threads  ai’e  found. 
These  distinct  chromatic  threads  are  known  as  chroiiio- 
.'iome.'i.  The  number  of  chromo.somes  is  constant  in  the 
mitotically  dividing  cells  of  each  species  of  animal.  In 
the  higher  animals  the  number  twenty-four  predominates,- 
while  many  lower  animals  have  onlv  four  and  some  only 
two.  In  certain  cells  the.se  chromo.somes  are  verv  short, 
in  some  ca.ses  even  gramdar  in  shape.  Jt  is  not  absolutelv 
certain  whether  this  constancy  of  the  number  of  chromo- 
.somes prevails  in  the  cells  of  all  human  ti.ssnes,  although 
theoretically  this  ought  to  be  the  (;ase. 

The  chnjinosomes  usually  a[)p(>ar  in  the  form  of  loops  ; 
that  i.s,  each  chromosome  is  l)ent  at  the  middle  at  an 
angle.  The  scattered  chromosomes  now  form  a c/o.sc  .-^keia 
(spirem),  in  which  the  loops  are,  a.s  a I'ule,  so  arrangx'd 
that  the  closed  |)ortion  of  tin;  loop  points  toward  one  ])oint 
of  the  pei-iphei-y  of  the  nneleus,  the  so-called  pole  fic/d, 
while  the  free  emis  of  tlie  loops  point  in  the  o|)posit(‘ 
direction,  the  antipole  field.  .At  this  stage  the  eentro- 
.sonie,  which  remained  at  rest  dm-ing  the  condition  of  lal)il(> 
erpiilibrium  of  the  cell,  beeomes  active,  assumes  a position 
in  the  |)ol(;  tield  of  the  s|)irem,  and  appears  to  send  deli- 
cate rays  in  all  directions.  In  tlu'  stag(‘  of  tlu'  loom’  nh-eiu 

‘ Tlie  in'ocess  is  nr)t  (iiiin-  ttii;  siiinc  in  all  iiiito.se.s.  The  variations 
which  occur  arc,  however,  unessential. 
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Plate  i.— mitosis. 

Figs.  1-10.— Ten  Stages  of  Indirect  Nuclear  Division  (Mito= 
sis)  from  the  Oral  Epithelium  of  the  Larva  of  a Salamander. 
X -'■jOO. 

Tccliilic  : Chroiiiio  acid  solution,  2 per  cent.  Hematoxylin  and 
eosiii. 

Fig.  1. — Cell  with  resting  nucleus  a short  time  before  the  begin- 
ning of  the  mitosis.  The  nucleus  shows  distinct,  irregularly  con- 
toured threads. 

Fig.  2. — The  nucleus  of  the  cell  is  at  the  hcginning  of  mitosis. 
Distinct  chromatin  loops  (chromosomes)  are  recognized.  Stage  of  the 
close,  .skein. 

Fig.  3. — The  nuclear  membrane  has  disii])peared.  In  place  of  the 
nucleus  lie,s  a loo.se  .skeiu  of  chromo.somes  (the  pole  held  is  at  the  left). 

I’ig.  4. — Mother  star  (monaster)  viewed  from  above. 

Fig.  ,^). — Mother  star  (mona.ster)  viewed  from  the  side.  The  ehro- 
mosome.s,  except  two,  are  groui)cd  around  the  equator  of  the  achro- 
matic s])iiKlle. 

Fig.  (). — .Mother  star  viewed  from  the  side.  The  chromo.somes 
ci'owded  closely  around  the  e(iuator  of  the  spindle. 

h'ig.  7. — Stage  of  mehikinesis.  One-half  of  the  longitudinally 
divided  chromo.somes  is  drawn  toward  each  ])olc  of  the  spindle. 

h'ig.  H. — Hcginning  constriction  of  the  cell-body.  Stage  of  the 
daugbter  star  (<liaster). 

Fig.  !). — (’om])letion  of  cell  division.  Transformation  of  the 
daughter  stars  into  sk(‘ins  (di.s])irem ). 

Fig.  10. — Change,  of  skeins  into  resting  daughter  nuclei  (complete 
daughter  celts,  telophase). 

Keference  lettei-s  : e,  Centro.some;  ch,  chi'omosomes;  ^9,  polar  rays; 
.s/9,  achromatic  spindle  ; x,  scattered  chromosomes. 


tlic  arrangeiiiont  of  the  chromo.somes  is  .still  more  distinct. 
These  are  now  very  regularly  arranged  and  next  undergo 
a h)if/ilu(Unal  cleat'age  of  such  a kind  that  each  chromo- 
some is  divided  longitudinally  into  two  daughter  chromo- 
.some.s,  which,  however,  .for  a variable  time  rcmtiin  in 
close  apposition,  and  for  this  reason  this  longitndinal 
division  is  not  observed  iit  this  time  nidess  the  magnitiea- 
ti(9ii  is  snffieientlv  high.  At  the  .same  tinu',  the  nnelear 
membrane  disappears  and  the  nnelear  (Inid  mingles  with 
the  c(‘ll  protoplasm;  the  cell  has  no  longc'r  a eirenmserihed 
nucleus.  The  cc'utro.somc,  in  case  the  resting  (X'll  did  not 
(contain  two,  now  divides  into  two  halves,  whieh  move 
apai’t,  and  a small  achromatic  spindle  can  now  he  reeog- 
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iiizecl  between  tliem ; this  enlarges  as  the  eentrosomes  con- 
tinue to  move  apart.  Tliis  is  tlie  anlage  of  the  so-called 
central  .'<pimUe  or  the  uniting  tilainents,  a portion  of  the 
achromatic  s])iiulle,  which  forms  an  e.ssential  })ortion  of  the 
fioure  of  mitotic  cell  division.  There  are  further  de- 
veloped  rays,  which  pass  out  from  the  eentrosomes  in 
opposite  directions  toward  the  j)eriphery  of  the  cell;  these 
are  known  as  polar  rays.  The  origin  of  this  achro- 
matic spindle  is  not  as  yet  fully  established.  It  woidd 
seem  prol)al)le,  however,  that  the  liuin  network  of  the 
nucleus  contrihutes  to  the  formation  of  the  .structure. 

While  the  spindle,  the  poles  of  which  arc  formed  bv 
the  centnjsome.s,  is  .still  further  inereasing  in  size,  the 
chromo.somes  arrange  themselves  about  the  equator  of  the 
spindle  in  nearly  one  plane,  the  equatorial  plate.  This 
stage  is  designated  as  that  of  the  mother  star,  or  monaster. 
The  dividing  cell  is  now  (‘asily  distinguished  from 
the  resting  cell.  In  ])lace  of  the  nueleiis  a clear  area 
is  found,  in  which  may  be  observed  the  mother  star, 
or  monaster,  so  named  bceau.'^e,  whcai  viewed  from  one 
pole,  the  ehromosomes  form  a star-like  figure.  Besides  the 
fibers  of  the  central  s])indle,  another  system  of  fibers 
develo])s — that  of  the  traction  jihern  or  mantle  filaments. 
The.se  are  generally  finer  than  those  of  the  cential  spindle 
and  are  present  in  gr(‘ater  numbers.  They  run  from  the 
eentrosomes  to  the  ehromosomes  and  attach  tluanselves  to 
each  of  the  latter  in  such  a manner  that  the  fila'rs  (doming 
from  one  centi'osoine  insert  themselvc's  into  the  adjacent 
half  of  the  looj).  In  the  mechanism  of  mitosis  the.se  fibers 
are  believed  to  play  a part  in  the  processes  of  metakinesis 
which  now  follow  ; th(>y  draw  apart  the  halves  of  the 
loops  tf)ward  the  o|)posite  poles  of  the  spindle.  Mcta- 
kine.FiH  beirins  when,  in  th(!  e(|iiatorial  |)late,  the  longi- 
tudinal cleavage  of  the  ehromosoiiK's  is  v(>rv  distiiietlv 
si'Cii  ; the  interspace  between  two  daiightei-  eliromosomes 
becomes  gradually  greater,  a change*  in  the  whole  mitotie^ 
figure  going  hand  in  hand  with  this  [erocess.  A double 


26 


THE  CELL. 


star  or  (Hamster  develops,  eacli  daughter  star  moving  grad- 
ually nearer  to  its  pole.  At  the  same  time  a perceptible 
clongcition  of  the  cell-body  in  the  direction  of  the  long  axis 
of  the  spindle  takes  |)lace. 

The  two  daughter  stars  are  connected  by  achromatic 
fibers,  the  so-(‘alled  uniting  fibers.  These  are  probably  the 
remains  of  the  central  s[)indle  and  in  the  center  of  their 
course  often  show  thickenings  called  central  spindle  cor- 
jmscles,  which  mark  the  j)lace  of  the  future  division  of  the 
cell.  Kven  in  the  diaster  stage  the  remains  of  the  traction 
fibers  still  run  from  the  chromosomes  to  the  centrosomes, 
but  seem  to  become  shorter  and  shorter  the  farther  the 
daughter  stars  are  se])arated  from  each  other. 

When  the  daughter  stars  are  farther  sej)arated,  the  dioi- 
sinn  of  the  cell-body  begins  by  a gradual  ring-shaped  con- 
stri(!tion  of  the  cell  near  the  middle  (metaphase).  When 
the  constriction  is  nearly  completed,  a change  of  the  daugh- 
ter stars  into  skeins  begins.  Just  as  the  mother  star  was 
foruH'd  from  the  skein,  so  now  a skein  is  formed  from  each 
daughter  star,  and  there  is  developed  a mitotic  figure 
known  as  the  dispirem.  At  the  same  time  the  remains  of 
the  former  spindle  and  the  polar  rays  degenerate  (ana- 
lihase). 


After  the  division  of  the  cell-body  is  completed,  a 
nuclear  membrane  is  formed  around  each  of  the  daughtei' 
skeins,  and  the  new  nuclei — daughter  nuclei — are  formed. 
The  changes  involved  in  this  process,  the  alterations  of 
the  chromatin,  etc.,  are  collected  under  the  term  telophase. 
The  division  of  the  centrosome  of  each  daughter  cell  may 
now  take  place  (see  page  22). 

When  the  indirect  nuclear  division  is  completed,  each  of 
the  daughter  cells  has  received  half  of  the  cell-body  of  the 
mother  cell,  half  of  the  nucleus, — that  is,  half  of  each 
chromosome, — and  half  of  the  centrosome,  or  one  of  the 
two  centrosomes  now  and  then  ])resent  in  the  resting  cell. 
Each  daughter  cell  is  therefore  a counterpart  of  the  mother 
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So^nientatioii  of  tlie  iinprognatod  ovum  also  occurs  after 
the  manner  of  mitotic  division;  in  this  case,  however, lia If 
of  its  chromosomes  are  supplied  hy  the  s})ermatozoon,  the 
male  promicleus,  and  half  l)v  the  female  pronnclens,  the  nu- 
clear constituents  of  the  matured  ovum.  It  is  not  always 
true  that  the  resultant  cells  of  a mitotic  unclear  division  are 
of  ('(pial  size.  1 n the  processes  of  maturation  of  the  ovum, 
an  uiKMpial  division  of  the  protoplasm  takes  place,  since 
the  polar  ImhIv,  one  of  the  division  products,  is  very  much 
smaller  tlian  the  other,the  egg-cell.  In  the  formation  of 
the  second  of  the  two  polar  bodies  a reduction  of  the  chro- 
matin takes  place,  sinc(‘ the  longitudinal  cleavage  is  omitted 
and  the  nnml)cr  of  chromosonu's  is  reduced  one-half. 

In  many  tissues  of  th(‘  human  body,  cell  division  takes 
place  continwdhj,  as  in  the  germ  centers  of  the  Ivmphoid 
tissues  (sec  page  121),  in  the  tubular  glands  of  the  intes- 
tines, and  in  the  deeper  layers  of  the  epidermis.  Other 
cells  of  the  human  body,  on  the  other  hand,  have  a verv 
long  life,  so  fiir  as  we  know.  Ganglion-cells,  the  majoritv 
of  gland-cells,  many  epithelial  cells,  probably  e.xist  during 
the  whole  life  and  never  show  the  phenomcnaof  cell  divi- 
sion. In  cold-l)looded  animals,  in  whic^h  it  is  ])ossible  to 
make  observations  during  the  life  of  the  animal,  the  time 
of  a mitosis  has  been  established  at  si.v  to  eight  hours ; in 
the  warm-blooded  animals  the  process  is  probablv  eom- 
])letc(|  in  less  than  an  hour. 

d'he  secondary  elementary  constituents  of  the  hu- 
man l)odv  may  be  present  in  the  form  of  /hoV/.v,  regarded  as 
the  e.xeretoiy  |)rodnets  of  tlie  cells.  'FIk'  plasma  of  blood 
and  Ivmph,  intercellular  fluid,  the  synovial  fluid  and  serous 
fluids  of  bnrsa‘,  joint  eavitie-  and  body  cavities  may  be  men- 
tioned nmler  this  head.  If  the  excu’etoi'v  product  of  the 
cell  is  semi-fluid  or  more  or  less  solid  we  speak  of  (/roimd 
sidj.sta nee  or  rniind  Huhxldncc,  the  lattei’  when  the  iiiteiau'l- 
lular  sid)stanee  is  found  between  the  cells  in  small  amount, 
as  in  e|)ithelial  tissues,  the  funnel'  when  the  amount  of 
intercellular  substance  is  predominant,  as  in  cartilage, 
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bono,  etc.  Membranes  ami  entieular  formations  arise  on  tlie 
surface  of  cells  which  are  arranged  in  rows,  such  as  epi- 
thelia,  through  excretion  from  these  and  hardening  of  the 
excreted  membrane,  so  that  each  cell  does  not  have  a 
crusta  or  membrane,  but  a common  membrane  develops, 
which  can  be  isolat('d.  A ty|ucal  examjile  of  such  a mem- 
brauous  formation  is  the  lens  capsule.  Whether  the  mem- 
brana  propria  of  glands  is  to  be  regarded  as  an  excretory 
product  of  gland-cells  is  still  op(‘U  to  discussion.  Struc- 
tiireless  membranes  mav  arise  from  the  fusion  of  cells,  duriua: 
which  process  th(>  nuclei  of  such  cells  may  or  may  not 
disa])pcar.  Membranes  may  also  arise  from  the  fusion  of 
libers,  th(*  so-called  fusion  membranes.  Elementary 
or  fibrils  an;  very  widely  distributc'd ; they  arise  for  the 
most  part  as  direct  transformation  products  of  cells  (accord- 
ing to  some  investigators,  from  the  homogeneous  ground 
substance).  They  oc(!ur  as  the  fibrillar  elements  of  the  con- 
nective tissue  (the  (lonnective-tissuc  fibers),  of  the  elastic 
tissue  (the  (>lastie.  fibers).  In  the  muscular  tissues  elemen- 
tary fibrils  occur  as  muscle  fibrilhe  and  in  nerve-cells  and 
n(*rve-libers  as  ueiirofibrils  and  as  neuroglia  fibers,  the 
su|)porting  tissue  of  the  central  nervous  system. 


II.  THE  TISSUES  OF  THE  HUMAN  BODY. 

The  meaning  of  the  term  tissue  cannot  be  defined  with- 
out (jualification.  Tn  general  we  designate  as  tissues  those 
structui’es  which  ai’e  comj)Osed  of  equal  or  similar  cells 
arranged  in  a certain  definite  oi’der  and  ]iossessing  a sim- 
ilar function.  J>y  a stri(;t  iutcrjiretation  of  the  histogen- 
esis of  tissues  we  are  forced  to  recognize  but  two  chief 
types:  (1)  The  ei)ithelial  tissues;  (2)  the  eonneclive 

tissues  (iiH'senehyme).  Basing  our  subdivision  on  a fune- 
tional  dilfercntiation  of  these  two  chief  types  of  tissues, 
w(;  may  r(‘cognize  two  other  divisions ; these  are  the  mus- 
cular and  the  nervous  tissues  ; the  latter  is  of  ej)ithelial 
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origin,  tlie  former  probably  only  partially  so,  the  striated 
musele-tibers  arising  from  epithelial  cells,  while  the  smooth 
muscle-fibers  are  probably  without  exception  of  mesen- 
chymal orimn. 

It  is  customary,  thei’efore,  to  i-ecognizc  in  the  fully 
deyeloped  human  body  four  tyjies  of  tissues  : (1)  Tlie 

epithelial  tissues ; (2)  the  supporting  tissues  or  the  con- 
uectiye  tissues  ; (3)  the  muscular  tissues  ; (4)  the  ueryous 
tissues. 

EPITHELIAL  TISSUE. 

Epitlielial  tissues  consist  of  clearly  defined,  regularly 
arranged  cells,  which  clearly  show  fheir  cellular  nature 
and  which  are  separated  by  yery  small  amounts  of  inter- 
cellular sul)stance.  Aside  from  the  occasional  cuticular 
formations,  they  giye  origin  to  no  other  secondary  constit- 
uents, and  especially  not  to  fibrous  elements. 

J'Jjntlielial  ti'isue  coyers  the  whole  surface  of  tlie  body 
and  all  mucous  membranes  and  forms  the  essential  jior- 
tion  of  all  glands  of  the  body. 

According  to  the  form  of  the  elements,  we  distinguish 
sfpiamous,  cubic,  cyliiidric,  pyramidal  or  ])risniatic,  and 
irregular  epithelial  cells  ; epithelial  cells  which  haye  cilia 
a^-e  designated  as  ciliated  (‘jiithelial  cells,  independently  of 
the  form  of  the  cells.  Epithelial  cells  may  be  arranged 
in  a single  layer  or  in  seyeral  layers,  so  that  we  distinguish 
simj)le  and  stratified  e])ithelium.  We  also  distinguish  a 
condition  in  which  the  main  jiortion  of  the  cells  with  the 
nuclei  lie  in  different  planes,  while  (ine  processc's  or  thin- 
ner portions  of  the  cells  extend  to  the  superficial  surface 
as  well  as  to  th(>  base  of  the  epithelium  ; such  epithelium 
is  known  as  pseiido-stratified,  and  it  is  often  dillieult  to 
determine  whether  we  haye  stratified  epithelium  or  one 
presenting  seyeral  rows  of  nuelei. 

According  to  the  form  and  arrangi'iiumt  of  the  epithelial 
cells,  we  distinguish  different  tyjies  of  epithelia.  In  the 
human  body  the  following  types  arc  recognized  ; 
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PLATE  2.— Epithelial  tissues. 

Fio.  1. — Portion  of  the  Great  Omentum  of  a Rabbit,  the 
Cell  Outlines  Bein}>:  Blackened  by  Silver,  X 280. 

The  lifjure  shows  two  layers  of  a sini])le  ])avemeiit  epithelium  (per- 
itoneal me.sothelium).  The  cell  boundaries  are  black,  niiclei  are  stained 
blue. 

Tecbnic  : Silver  iin])regnation.  1 leinato.xylin. 

Reference  letters:  Nuclei  of  su])erlieial  epitbelial  layer;  A-j, 

nuclei  of  deeper  c])ithelial  layer. 

Flu.  2. — Stratified  Squamous  Epithelium  from  the  Human 
Mouth.  X 280. 

The  jireparation  was  taken  from  one  who  had  been  executed. 

'I’lie  iigure  shows  the  typical  sti'uetnre  of  stratilied  s<]uamous  ein- 
tbelinm,  with  indentations  of  the  ba.sjil  layer  caused  by  low  jiapillm 
of  the  mucosii.  The  deepest  layer  is  cylindric,  the  most  superlicial 
layei's  are  of  flattened  cells.  All  the  transitional  forms  arc  found 
between  them.  In  the  dcejier  layera  mito.ses  are  .seen  ; leukocytes  are 
found  .sc*attered  throup;h  the  entire  thickne.ss  of  the  epithelium. 

T’echnic:  Miiller’s  fluid.  1 lematoxylin-eosin. 

Reference  lettci's  : I,  Jjcukocytes  ; w,  mitoses;  p,  papillai. 

Fiu.  11. — Cylindric  Epitheiium  from  the  Human  Intestinal 
Tract.  X 420. 

T'he  ])re])aration  was  taken  from  one  who  bad  been  executed. 

The  liKure  shows  at  the  left  three  isolated  cells  from  the  intestinal 
e))ithelium  and  at  the  rif^ht  a number  of  the  .same  kind  of  cells,  which 
are  still  atbichcd.  All  the  cells  ja-e.sent  on  their  superficial  .surface  a 
striated  cnticniar  border.  Leukocytes  are  found  among  the  cells,  and 
some  of  them  are  acidophile. 

'Technic:  Potassium  bichromate  and  formalin.  Hematoxylin-eosin. 

Reference  letters;  /,  Leukocytes;  eosinophile  leukocytes. 


1.  fluff ened  or  squamous  epithelium,  consisting  of 
a single  layer  of  epithelial  cells  which  arc  generally  irregu- 
larly polygonal.  Occurs  as  the  epithelium  of  the  serous 
cavities  (me.sothelinm),  of  the  alveoli  of  the  Inng.s,  of  cer- 
tain regions  of  the  inner  ear,  and  the  intercalary  portions 
of  many  gland-ducts. 

2.  Simple,  cidnc  epif helium.  Occurs  as  the  e])itheliinn 
covering  the  choroid  j)lcxns  of  the  brain,  tlmt  of  the  lens 
capsule,  of  the  middle  ear  (frequently  with  cilia),  of  numer- 
ous glands  and  excretory  ducts  of  glands. 

S.  Simple  roluvmar  epifheliinn.  Occurs  as  the  o]nthe- 
lium  of  the  entire  intestinal  canal,  of  the  gall-bladder,  of 
many  gland-ducts. 
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4.  Simple  ciliated  epithelium.  Occurs  as  the  cpitlicliiim 
of  the  uterus,  of  the  oviduct,  of  the  finer  bronchial 
brauclies  of  the  lungs,  of  the  accessory  cavities  of  the  nose, 
of  the  middle  ear,  and  the  epithelium  of  tlie  central  canal 
of  the  spinal  cord. 

5.  Stratified  pavement  or  squamous  epithelium.  This  ter- 
minology is  inapi)ropriate,  as  only  a varying  number  of  the 
superticial  layers  consist  of  flattened  cells,  the  cells  of  the 
middle  layers  being  polyhedral  and  those  of  the  lowest 
layers  cidumnar.  As  a rule,  the  basal  surface  of  this 
variety  of  c})ithclium  is  not  smooth,  but  indented  by  the 
papillaj  of  the  connective-tissue  layer  which  lies  Ixdow. 
Stratified  scpiamous  epithelium  has  a very  wide  distribu- 
tion, occurring  as  the  epithelium  of  the  skin,  the  so-calhd 
epidermis,  in  which  the  upper  flattened  layer  is  horny,  the 
epithelium  of  the  mucous  membrane  of  the  mouth,  phar- 
ynx, vocal  cords,  cso[)hagus,  of  portions  of  the  conjunctiva 
bulbi,  of  the  external  auditory  ]>assage,  of  the  vagina  and 
the  female  urethra,  and  the  terminal  portion  of  the  male 
urethra.  The  epithelium  of  the  cornea  consists  of  several 
layers  of  cells,  only  a few  of  which  are  flattened,  and  rests 
■on  connective  tissue  without  jtajulla?.  The  epithelium  of 

the  Graafian  follicles  of  the  ovary  also  simulates  the  strati- 
fied squamous  epithelium. 

6.  Stratified  columnar  epithelium  has  a limifed  disfribu- 
tion.  It  occurs  in  the  larger  excretory  ducts  of  manv 
glands,  especially  the  salivary  glands,  in  the  male  urethra, 
and  on  the  conjunctiva  paljtebrarum. 

7.  Stratified  ciliated  epithelium.  Its  superficial  cells  are 
|)rismatic  and  show  cilia;  betw(‘cn  their  narrow  ends  arc 
found  broad  fusiform  cells,  and  in  the  dce])cr  ])ortion  ncai‘ 
the  basal  surface  of  the  epithelium,  rounded  or  ])yramidal 
cells.  This  epithelium  has  a wide  distribution,  lining  the 
entire  respiratory  tract — the  nasal  cavity,  the  U])per  por- 
tion of  the  pharynx  and  the  Kiistachian  tnbe,  the  greater 
part  of  the  larynx,  the  trachea  and  all  the  larger  bronchi  ; 
al.s(j  the  vas  deferens  and  the  ductus  epididymidis  ; the 
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hitter  has  an  especially  tall  columnar  epithelium,  with  very 
long,  coarse  cilia ; beneath  and  between  the  tall  columnar 
cells  is  a single  layer  of  pyramidal  cells. 

8.  Transitional,  epithclimn.  This  is  the  epithelium  of 
the  urinary  jiassages  and  may  be  regarded  as  a modified 
squamous  epithelium,  the  uppermost  layer  of  cells  being 
especially  characteristic.  Tlie  cells  of  this  layer  are  large, 
often  jiolymuilear,  Hattened  cubic,  and  have  on  their  lower 
surface  several  depressions  for  the  cells  of  the  next  lower 
layer.  The  upjicr  jiortions  of  these  cells  of  cubic  or  pris- 
matic .shape  are  somewhat  rounded  and  fit  into  the  de])re.s- 
sions  in  the  under  surface  of  the  stqierficial  cells.  Idieu 
follow  one  or  two  layers  of  irregtdarly  rounded  cells,  and 
below  the.se,  low  columnar  cells.  Tins  ciiithelium  occurs 
in  the  jielvis  and  caliccs  of  the  kidney,  in  the  ureter  and 
bladder.  Transitional  epithelium  is  cajiable  of  extreme 
di.steution.  In  the  bladder  the  form  of  the  cells  changes 
considerably,  .so  that  in  the  empty  condition  the  superficial 
cells  are  cubic  or  almost  columnar,  while  in  the  distended 
condition  they  are  nearly  fiat. 

'file  cjiithelium  of  the  tubules  of  the  testes  as.sumes  au 
especial  arrangemeut,  the  form  of  which  is  very  variable 
and  is  dependent  on  the  function.  (Sec  page  175.) 

The  Relations  of  the  Epithelial  Cells  to  Each 
Other. — Between  epithelial  cells,  united  to  form  ej)i- 
theliuni,  there  is  found  a variable,  though  always  small 
amount  of  cement  substance,  which  can  be  blackened  under 
special  treatment  with  silver  nitrate  .solutions.  Frequently, 
especially  in  pavement  epithelium,  there  is  ob.scrved  au 
interlocking  of  the  intercelhdar  bridges,  serratc'd  borders 
of  contiguous  cells.  (Sec  Plate  2,  Fig.  1.)  Tn  certain 
epithelia,  especially  the  middle  layers  of  the  stratified  squam- 
ous e])ithelium,  contiguous  cells  are  united  by  fine,  bridge- 
like, protoplasmic  ])roccsses,  so-called  intcreelhdav  bri(hjc!<. 
'flie.se  stand  in  relation  with  the  fibrillar  substance  of  the 
cell.  It  is  not  yet  established  how  widely  distributed  such 
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interoollular  hridges  are;  but  it  is  doubtful  whether  they 
are  ibund  between  all  epithelial  cells. 

Near  the  surface,  especially  of  the  columnar  epithelium, 
the  cement  substance  becomes  condensed,  being  thus  differ- 
entiated from  the  deej)er  semi-fluid  cement.  These  firmer 
bands  of  cement  are  called  terminal  ledgerf.  The  terminal 
le<lges  form  a ])erfeet  network,  in  the  meshes  of  which  the 
tops  of  the  epithelial  cells  fit. 

The  epithelial  constituents  of  glandular  tissue  are  known 
as  (/hntd-eel/.s.  Their  form  differs  in  different  glands,  the 
cubic  form  predominating.  Tliis  type  of  epithelium  will 
be  more  fully  considered  in  connection  with  the  various 
glands  to  be  discussed. 

Special  Differentiation  of  Epithelial  Cells. — Under 
this  heading  we  may  consider  ])rimarily  the  motile  appen- 
tlages  of  certain  epithelial  cells,  the  so-called  cilia  ov  fla- 
gella. These  consist  of  protojdasmic  contractile  fibers, 
which  are  placed  on  the  free  surface  of  the  cells  consti- 
tuting the  ciliary  border.  Candul  investigation  of  the 
ciliated  e])itheliuni  has  shown  that  each  eilium  arises  from 
a small  nodule  situated  at  the  upi)er  end  of  the  cell  near 
the  free  border,  (ntienlar  l/orders  are  found  in  the  form 
of  striated  structures  situated  on  the  fn!c  surface  of  colum- 
nar cells,  es|)eeially  of  the  int(‘stine.  'Phis  striated  border 
probably  consists  of  small  rod-like  structures  arrang(‘d  in 
a row.  d he  epithelium  of  certain  portions  of  the  ui'inifer- 
oii.s  tubules  |)resents  a striated  border,  the  so-called  hmrh 
j)roe.e.H.He.s  of  the  cells  ; these;  are  known  to  be  made  up  of 
short  roels.  It  is  probable  that  similar  structures  are  also 
tf)  be  found  on  the  surface  of  the  (‘])ithelial  cells  of  the 
olfactory  mucous  membrane.  xlriafion  of  the  ha.scd  por- 
tion of  the  cells  is  seen  in  the  c.ells  of  the  exer(‘torv  du(;ts 
of  many  salivary  glands  and  in  certain  epithelial  cells  of 
the  kidney.  Epithelial  cells  may  show  a large;  number 
of  ililferent  kinds  of  rc//-///c/o.s»/r.s',  as  /id,  jiignmif  misfal- 
loid.'f.  Other  |)eculiarities  of  epithelial  cells  depend  U|)on 
their  neeninrii  activity.  X(»t  only  do  the  gland-cells  func- 
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PLATE  3.— Epithelial  Tissues. 

Fig.  1. — Transitional  Epithelium  from  the  Human  Ureter. 
X 4r)0. 

The  preparation  was  taken  from  an  individual  who  had  been  exe- 
cuted. 

The  fifrure  shows  the  e])ithelium  in  the  collapsed  or  slightly  dis- 
tended ureter.  At  the  right  is  a polynuclear  surface  cell  ; the  upper- 
most layer  of  the  mucosa  is  seen  under  the  epithelium. 

Technic:  Absolute  alcohol.  I Icmatoxylin-eosin. 

Ueference  lettei-s  : 1,  Surface  cells  ; S,  middle  cellular  layer  ; 3,  lower 
layeis  of  cells  ; c,  cfipillary  ve.ssels  of  the  mucosa. 

Fig.  2. —Stratified  Ciliated  Epithelium  from  the  Regio  Res- 
piratoria  of  the  Human  Nasal  Mucous  Membrane.  X 1>00. 

T'he  ])reparation  was  taken  from  one  who  had  been  executed. 

'I'he  lignre  shows  the  usual  ])icture  of  the  stratified  ciliated  epithe- 
lium with  the  high  jirisinatic  cells  and  the  ba.siil  and  replacement  cells. 

T'echnic  : Zenker’s  solution.  J lematoxylin-eosin. 

Keference  letters  : />,  Basal  cells  ; c,  columnar  cells  ; c,  replacement 
cells  ; /,  cilia. 

Fig.  ;L — Ciliated  Epithelium  of  the  Ductus  Epididymidis  of 
Man.  X 420. 

The  ])rc])aration  was  taken  from  an  executed  individual. 

The  figure  shows  the  ])eculiar  two-layered  c])ithelinm  of  the  ductus 
e])ididymidis,  with  the  long,  whij)-like  cilia  on  the  surface  cells. 

'IVchnic  : Zenker’s  solution.  I lematoxylin-eosin. 

Reference  letters  : c,  Cylindric  cells  ; r,  round  basiil  cells. 

Fig.  4. — Pigment  Epithelium  of  the  Retina  of  the  Cat.  X 2H0. 

The  (luitc  regular  polygonal  cells  are  almo.st  filled  with  pigment 
granules.  The  cell  boundaries  and  the  portion  nearest  to  the  nucleus 
appear  free  from  jiigment. 

Reference  letter  : k,  Nucleus. 


tionate  as  secreting  or  excreting  ccll.s,  but  also,  to  a 
certain  extent,  all  sii]>erficially  jilaced  epithelial  cells ; 
especially  is  this  true  of  the  epithelial  cells  of  mucous 
menihranes.  For  this  rca.son  it  is  sometimes  difficult  to 
determine  whether  we  have  before  ns  a true  simple  gland 
or  a crypt  or  depression  of  the  mucous  membrane,  since 
the  cells  of  the  latter  may  also  jjossess  the  power  of 
secreting. 

The  secretory  activity  of  the  ejiithelial  cells  is  depend- 
ent wholly  on  the  protojdasm,  the  secretions  being  ])rod- 
iicts  of  metamorphosis  of  the  jirotoplasm.  The  process  ot 
secretion  is  most  easily  recognized  microscopically  when  it 
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concerns  the  formation  of  fat,  as  in  the  mammary  glands, 
or  of  the  sebum  of  tlie  sebaceous  glaiuls.  In  vacuoles  of 
the  proto[)lasm  the  secretion  is  seen  in  droplets, 
which  are  at  tirst  small,  but  gradually  increase  in  size  ; 
either  the  enveloping  border  of  ])rotoj)lasm  breaks  down 
and  the  secretion  is  set  free,  as  in  the  mammary  glands, 
or,  as  in  the  sebaceous  glands,  the  globules  of  secretion 
which  formed  separately  in  the  })roto[)lasm  become  con- 
Huent  while  the  cell  nucleus  at  the  same  time  disappears 
and  the  entire  cell  disintegrates.  This  disintegration  of 
the  cells  of  the  sebaceous  glands  represents  the  only 
instance  in  the  human  body  in  which  the  cells  break 
down  in  the  process  of  secretion.  Goblet-cells  now  and 
then  break  down  after  the  evacuation  of  their  contents ; 
however,  the  process  is  not  necessarily  connected  with  the 
secretion.  The  mucus-secreting  cells,  the  so-called  (706/rG 
ce//s,  have  a wide  distribution,  being  especially  prevalent 
in  the  epithelium  lining  the  res])iratory  passages  and  the 
intestinal  canal.  They  may  be  regarded  as  unieellulav 
(/lands.  The  secretion  develo[)s  in  the  form  of  secretory 
gramde.s,  appearing  in  the  ])rotoplasm  in  the  free  [)ortion 
of  the  cells  and  develojx'd  from  the  ])roto])lasm.  These 
granules  enlarge  and  l)ecome  conlluent.  Probably  each 
cell  of  the  intestinal  epithelium  may  become  a goblet-cell 
in  that  the  |)ortiou  of  the  cell  lying  ne.xt  to  the  surface  of 
the  epithelium  foi'ins  a mucous  secretion  from  the  proto- 
plasm.  The  cell  assumes  the  form  of  an  open  goblet  just 
before  secretion, — that  is,  after  the  cell  membrane  has 
ruptured,  allowing  the  seeretion  to  a])pear  at  the  siiriiiee 
of  the  cell.  After  cva(!uatiou  of  the  seeretion,  the  (!cll  may 
b(‘  restored  to  an  ordinary  epithelial  cell.  In  other  epi- 
thelia,  for  instance  in  the  epithelium  of  the  stomach,  the 
formation  of  mucus  seems  to  occur  more  siiu|)ly,  much  as 
in  the  gland-cells  of  mucous  glands.  In  many  otiu'r  cpi- 
thelia,  es|)ecially  in  many  gland-cells,  the,  secri'tory  activity 
is  manifested  by  the  oeeiirrence  of‘  slaiindj/e  f/ranules  in 
the  proto|)lasm,  the  .so-called  zipnof/eii  (jranules,  which 
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ropresent  the  preliminary  stages  of  the  formation  of  the 
secretion.  The  gland-cells,  the  secretion  of  which  is  not 
.solid  or  semi-.solid,  as  fat,  .sebum,  mucus,  but  fluid,  evac- 
uate their  .secretions,  not  simply  on  the  surface  of  the  cells 
into  the  lumen  of  the  gland,  but  also  by  means  of  secretion 
c(ij>Hlarle.'i.  These  arc  tine,  fV('quently  anastomosing  ducts, 
having  no  walls  of  their  own ; they  may  lie  between 
the  cells,  where  the  walls  are  formed  of  groove-like 
de])ressions  of  the  proto])lasm  of  contiguous  cells,  known 
as  intercellular  secretory  capillaries,  as  for  in.stance  the 
bile  ea])illaries  of  the  liver;  others  extend  into  the  proto- 
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Fig.  1. — Portion  of  the  mneons  nienihnine  of  the  fundus  of  the 
huniiin  stonmeli,  treated  by  tlie  Gol<>;i  method.  X 420.  The  figure 
sliows  very  distinctly  the  intracellular  secretion  capillaries.  /,  Lumen 
of  the  gland  ; ,sc,  secretion  cfipillaries  of  the  parietal  cells  ; h,  chief 
cells  (single  cells  not  visible). 

plasm  of  celks,  intracelhdar  secretory  capillaries,  as  in 
certain  cells  in  the  glands  of  the  fundus  of  the  stomach. 

Another  special  diflerentiation  is  seen  in  the  cotniijication 
of  the  cells  of  the  superficial  layers  of  the  epidermis  (see 
]iage  202).  Cornifleation  is  usually  accomjianied  by  lo.ss 
of  the  cell  nucleus,  but  the  cell  is  preserved.  Cornifica- 
tion  is  ])receded  by  a granular  condition  of  tlie  cell  ])roto- 
|)lasm,  the  cells  containing  at  this  stage  the  so-called  eleidin 
or  kerntohyalin  granules  (see  ]>age  203).  Thc.se  granules 
develop  into  the  keratin  of  cornifl(>d  cells. 

Kj)i(helial  tissue  itself  contains  no  blood-ve.ssels,  but  be- 
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tween  the  cells  there  are  often  found  the  terminal  branches 
of  nerve-fibers.  The  epithelinm  is  nonrislied  from  the 
underlying  layer  of  connective  tissue.  Capillaries,  how- 
ever, frequently  come  in  direct  contact  with  the  epi- 
thelial cells  in  certain  glands  where  the  original  type  of 
epithelial  arrangement  is  disturbed,  as  for  instance  in  the 
liver  (see  page  162),  where  the  blood  capillaries  lie  directly 
agiainst  the  epithelial  cells. 

Forms  of  Glands. — Although  glands  are  to  be  re- 
garded as  organs,  yet  it 
seems  advisable  to  discuss 
here  the  forms  of  glands 
Avhich  occur  in  the  human 
body.  The  glands  are  named 
partly  according  to  their 
function  (salivary  glands, 

.sudoriferous  glands,  seba- 
ceous glands)  and  pai’tly 
according  to  their  position 
(intestinal  glands,  thyroid). 

The  form  of  the  secretory 
acini, OYO^ theblind  terminal 
portions  of  the  glandular  sys- 
tem, is  the  determining  factor 
in  tlie  cla.ssification  ofglands. 

Taking  this  factor  into  con- 
sideration we  distinguish 
two  main  chesses  ofglands: 
n)  Tnbnlar,  when  the  terminal  |)ortioiis  have  the  shape 
of  tubes;  (2)  alreolar  or  acinous,  when  the  terminal  ])or- 
tions  are  spherical  or  sac-like,  'fhen'  are  certain  transi- 
tional forms  between  these  two  main  tv])es,  since  the 
tubular  terminal  chambers  of  many  glands  may  show  sac- 
like  eidarirements  at  their  blind  extremities  and  similar 
eidargements  at  their  sides;  these  are  known  as  tubido- 
alveolar  glands. 

l>y  far  the  greatest  number  of  the  glands  of  the  human 


Fig.  2. —Portion  of  the  human 
pancrea.s  treated  l)y  the  Colgi 
metliod.  X •5~o-  The  figure 
shows  sliort,  intercellular  secre- 
tory capillaries.  /,  Lumen  of  a 
gland  tulmle  ; sc,  short  secretion 
cajiillary  ; z,  gland-cells  (the 
single  cells  are  not  visible). 


38 


THE  TISSUES. 


body  arc  t-ubulai”,  or,  more  correctly  stated,  tubulo-alveolar. 

In  the  simplest  form,  tubular  glands  occur  as  simple  un- 
branched  tubules,  as  in  tlie  glands  of  the  intestine  (see 
page  128);  siinj)le  imbranched  glands  are,  liowever,  found 
witli  the  terminal  })ortion  coiled  into  a skein,  as  the  sudorif- 
erous nr  coil-glands  of  the  skin.  Other  tnbtdar  glands 
show  a branching,  especially  toward  their  blind  ends.  The 
glands  nl‘  the  fundus  of  the  stomach  and  of  the  uterns  j 

|)rcsent  this  peculiarity  to  a slight  degree,  and  the  glands  | 

of'  the  ])yloric  region  of  the  stomach  to  a greater  degree.  ! 

Other  tubular  and  tubulo-alveolar  glands  are  much  i 
branched, — that  is,  a larg('r  number  of  greatly  convoluted  ^ 
tubules  (Miipty  into  a distinctlif  differentiated  common  duct, — i 

giving  rise  to  a so-called  sijstem  of  ducts  (sec  schemes  3,  5).  j 
This  class  (comprises  the  duodenal  glands  and  many  small  j 

glands  of  the  oral  cavity,  of  the  ])harynx,  of  the  cso])h-  ' 

agns,  of  th(‘  trachea,  of  the  bronchi,  of  the  nasal  mneons 
membrane,  and  of  the  urethra.  A’^eiy  many,  and  these 
the  larg(!st  of  the  tubular  glands  ol‘  the  human  body,  are 
compound,  glands  and  consist  of  many  systems  of  ducts; 
into  oiK^  large  <mnmon  diuit  several  smaller  ones  oj)cn, 
ca(;h  of  which  ajiain  I’eceives  several  tubular  terminal  i 
divisions  of  the  gland.  This  category  comprises  all  the 
medium-sized  and  larger  salivary  and  nuicons  glands,  the  ■ 
mammary  gland,  the  lachrymal  gland,  the  kidney,  and 
most  of  the  glands  of  the  genito-urinary  apparatus,  as  i 
the  prostate  gland,  bnlbo-urethral  and  vestibular  glands. 
The  testes,  and  esj)ecially  the  liver,  re])resent  compound 
tubular  glands,  the  tubules  of  which  constantly  anastomose.  ■ 
On  this  account  they  are  called  reticular  glands. 

The  alveolar  glands  are  much  less  widely  distributed 
than  the  tubular  glands.  Alveolar  glands  which  consist 
of  a single  sac-like  terminal  ehamb('r  do  not  occur  in 
man,  unless  the  ovary  may  be  classed  under  this  head. 

On  the  other  hand,  branched  alveolar  glands  consisting  of 
one  system  of  ducts  are  frctpiently  met  with,  as  for  in- 
stance the  sebaceous  and  Meibomian  glands.  In  the 
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human  body  the  one  compound  alveolar  gland,  consisting 
of  several  systems  of  ducts,  is  the  lung. 

There  are  glands  without  excretory  ducts,  as  the  thy- 
roid, These  probably  pour  their  secretion  into  the  blood- 


Fi".  — Diafn’ainimitic  rei)re.st‘ntation  of  the  forms  of  human 
f'lands:  /,  Straifjlit,  unhranched,  simjile  tiihular  ^land ; 2,  unl)ranelied, 
simple  tubular  f'land,  eoiivoluted  at  the  extremity  ; .f,  sini))le  tul)ular 
gland  forked  near  the  extremity  ; 4,  sini|)le  tuhular  gland,  showing 
several  branches;  5,  tuhular  gland,  showing  many  hranehes  (system 
of  ducts);  n,  compound  tubular  gland  ; 1',  sim|)le  alveolar  gland  (^on- 
sistit)g  of  one  alveolus;  2',  sim])le  glaml  consisting  of  several  alveoli  ; 
S',  simple  gland  consisting  of  many  alveoli  • 4'i  comjM)und  alveolar 
gland. 


or  lyttiph-vc.sscls  (so-callcd  internal  rceretion).  The  ovtirv 
empties  its  .secretion,  the  ova,  through  the  ni|)tured  gland 
follicles.  The  alv(!oli  of  glands  consist,  in  ttddition  to  the 
gland-ccll.s,  of  a generally  strueturele.ss  membrane  sur- 
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rounding  tlie  gland-cells,  the  so-called  memhrana  propria, 
which  probably  represents  a membrane  formed  by  the 
fusion  of  connective-tissue  cells  (according  to  others,  a 
membrane  formed  by  secretion  of  the  epithelial  cells). 
Occasionally  the  membraua  ))ro]n’ia  contains  nuclei,  a fact 
which  contraindicates  a secretory  origin.  Other  glands, 
as  the  sudoriferous  glands,  have  a layer  of  smooth  muscle- 
libers  between  the  glandular  epithelium  and  the  membrana 
])ro])ria. 

While  the  gland-cells  represent  the  parenchyma  of 
glands,  the  interstitial  tissue  or  stroma  is  formed  of  loose 
connective  tissue,  which  lills  the  interspaces  between  the 
gland  tubules,  (,‘tc.,  and  contains  the  blood-vessels  and 
nerves  of  the  gland. 


THE  SUPPORTING  OR  CONNECTING  TISSUES. 

The  entire  group  of  connective  tissues,  forming  an  im- 
])ortant  ])art  of  the  adult  human  body,  has  a common 
histogenesis. 

All  forms  of  (connective  tissue  dcvclo])  from  the  mesen- 
chyme, which  is  not  ju’csentat  the  time  when  the  blastoderm 
consists  of  the  three  germ  layers,  the  ectoderm,  mesoderm, 
and  entoderm.  I t develops  secondarily  by  cleavage  (se]iara- 
tion  of  single  cells  in  certain  regions)  from  the  middle  germ 
layer  or  mesoderm,  which  then  differentiates  into  an  epi- 
thelial portion,  the  mesotlielium,  and  a connective-tissue 
portion,  the  mesenchyme.  The  latter,  at  its  first  appear- 
ance, consists  of  (juite  uniform  branched  cells,  the  embry- 
onal connective-tissue  cells.  Later,  however,  manifold 
differentiations  occur,  so  that  it  becomes  necessary  to  rec- 
ognize a great  number  of  subdivisions  of  the  connective 
tissues.  In  comparison  with  the  e|)itlu‘lial  tissues,  eon- 
necitive  tissues  are  characterized  by  the  fact  that  the  secon- 
dary elementary  constituents,  ground  substance  and  fil)ers, 
pr(!(lominate,  while  the  cells  in  the  majority  of  connective 
tissues  are  less  prominent. 
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In  tlie  various  types  of  fonnective  tissues  tlie  following 
elements  may  be  recognized:  (1)  Ce/liilar  dements^,  the  con- 
nective-tissue cells,  or,  as  formerly  designated,  the  connec- 
tive-tissue corpuscles,  witli  the  aberrant  forms  of  cells; 
(2)  fibers  or  fibrilhe;  these  are  divided  into  white  fibrous 
tissue-tibers,  reticular  fibers,  and  elastic  fibers  ; (3)  ground 
substance. 

The  cells  of  the  diftercnt  sul)divisious  of  connective  tis- 
sues differ  widely  in  shape  and  structure,  although  they  all 
devehj})  from  mesenchymal  cells.  The  cells  of  gelatinous 
connective  tissues  (see  page  47)  most  nearly  resemble  the  em- 
bryonic type  and  are  connected  by  distinct  processes.  The 
cell-body  of  a connective-tissue  cell  is  usually  flattened  and 
presents  several  or  many  ])rotoplasmic  processes;  stellate 
forms  are  frequently  met  with,  and  now  and  then  cells  of 
p<»lygonal  form.  The  processes  of  neighboring  connective- 
tissue  cells  frcKpieutly  anastomose,  as  may  be  observed  in 
the  large  and  tyi)ically  shaped  connective-tissue  cells  of  the 
cornea.  Tn  the  majority  of  connective  tissues  the  cells  lie  at 
relatively  great  distances  from  each  other  and  are  separated 
by  large  amounts  of  ground  substance  or  fibrous  tissue. 
AVhile  most  connective-tissue  cells  are  relatively  small  and 
flattened,  certain  varieties  are  characterized  by  their  size 
and  their  abundance  of  protoplasm ; to  this  class  belong  the 
s^)-callcd  interstitial  cells  ()i‘  the  fe.sf/.s-and  ovary,  the  plasma - 
cells  and  mast-cells  of  ordinary  comu'ctive  tissue,  the  last 
of  which  show  pecidiar  staiiiablc  granules  (see  page  5!)). 

Marked  variation  from  the  general  form  of  eoimective- 
tissue  cell  is  seen  in  cartilage  (see  page  4S),  in  adenoid  tis- 
sue, and  in  adipose  tissiu*.  The  cells  of  adenoid  tissue 
known  as  Iviiqthoc-ytes  are  of  spherical  foiaii,  with  rela- 
tively large,  round  nuclei.  Tliey  stand  in  r(‘latiou  to  cer- 
tain cells  of  the  blood,  the  so-called  leukocytes  (see  under 
Jflood,  page  o7).  4'hc  cells  of  adipose  tissue  consist,  for 
the  most  part,  of  large  fat-drops,  the  nucleus  and  proto- 
plasm of  the  cells  being  compressed  and  flat  and  crowded 
to  the  periphery  of  the  I'at-drop. 
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Plate  4.— Connective  Tissues. 

Fig.  1. — Reticular  Connective  Tissue  from  a Human 
Lymph-glaiui.  X 

The  preparation  ^va.s  taken  from  an  imliviclnal  who  had  been  exe- 
cuted. 

Tlie  figure  shows  tine  and  coai'ser  trabeculai,  which  anastomose  and 
form  a reticular  framework.  Jtound  or  oval  nuclei  lie  on  the  trabec- 
uliC; 

'Technic  : The  prejiaration  was  made  by  shaking  out  the  cells  from 
a section.  ITematoxylin-eosin. 

Reference  letters  : tr,  A larger  trabecula. 

Fig.  2. — Interstitial  Cells  of  Human  Testis,  with  CrystaU 
loids.  X •'’do. 

'The  ])reparation  was  taken  from  one  who  had  been  executed. 

'Tin;  tigure  shows  eight  of  the  large  connective-tissue  cells  rich  iu 
plasma,  which  are  fouml  together  with  the  ordinary  connective-tissue 
cells  as  the  interstitial  ti.s.sne  of  the  te.stis.  Four  of  the  cells  con- 
tain (one  to  three)  crystalloids  in  longitudinal  or  cros.s-section.  One 
cell  has  two  nuclei. 

'Teehnic : Zenker’s  solution.  Hematoxylin-eosin. 

Reference  letters:  hr,  Crystalloids;  x,  transversely  cut  crj'stal- 
loids. 

Fig.  :l — Mast-cells  from  the  Interstitial  Connective  Tissue 
of  the  Dog’s  Prostate.  X dOO. 

Resides  the  usual  small  cells,  the  figure  shows  four  large  connective- 
tissue  cells,  the  cell-body  of  which  is  tilled  with  basophile  granules. 
'The  nucleus,  on  a<x:ount  of  this  fimt,  is  not  distinguishable. 

'rechnic:  Mtlller’s  Iluid.  Ilemato-xylin-eosin. 

liefereuce  letters:  m,  Mast-cells;  Ixli/,  nuclei  of  ordinary  connective- 
tissue  cells. 

Fig.  1. — Connective-tissue  Cells  from  the  Cornea  of  the 
Rabbit.  X dOO. 

The  figure  shows  the  large  connective-tis.sue  cells  of  the  cornea  with 
anastomosi  ng  ]iroces.ses. 

'rechnic:  Gold  chlorid  preparation.  Formic  acid. 

The  cndofhdial  edk  represent  a sjiecial  variety  of  con- 
nective-tissue cells  (see  also  ]>age  115).  These  are  flat- 
tened cells,  arranged  like  epithelium,  and  in  many  particu- 
lars resemble  simple  squamous  epithelium,  from  which 
they  differ  genetically.  Cement  substance  joins  the  cells, 
which  arc  often  arranged  with  great  regularity  and  which, 
in  a single  layer,  line  the  lumen  of  the  blood- and  lymjih- 
ves.sels  and  occasionally  other  cleft-like  spaces  of  connec- 
tive tissue,  as  for  instance  biirstc,  joint  cavities,  and 
anterior  chamber  of  the  eye. 
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The  ct'lLs  of  connective  tissue  may  contain  several  kinds 
of  inclosnres,  as  fat,  pigment,  crvstalloiils. 

Three  kinds  of  fibrous  elements  of  connective  tissue 
are  recognized.  These  differ  morpliologically  as  well  as 
cliemically  : (1)  White  til)rons  connective-tissue  fibers  or 
tibrilhe  ; (2)  reticular  fibers  or  fibril  he ; (3)  elastic  fibers. 

The  ichite  jibrom  ti'ime  fibrils  are  fine  fibrous  elements 
less  than  1 a in  diameter,  which  yield  gelatin  on  boiling 
(collaginous  connective  tissue).  They  rarely  occur  singly, 
but  are  very  generally  united  into 
finer  or  coarser  bundles  by  an  inter- 
fibrillar  cement  substance.  They 
tlissolve  in  camstic  potash  and  be- 
cv)ine  swollen  and  transparent  in 
acetic  acid,  so  that  under  the  nucro- 
.scope  thev  are  no  longer  discernible. 

They  dige.st  very  slowly  in  pau- 
creatin.  Udifuhtr  jihrih  resemble 
the  fibrils  of  white  fibrous  connec- 
tive tissue,  but  differ  from  them  in 
that  they  do  not  yield  gelatin  on 
boiling.  They  are  not  digested  in 
pancreatin. 

The  e/a.stic  fibcru  vary  very  much 
in  thickness  ; the  fine.st  are  scarcely 
larg(‘r  than  the  connective-ti.ssue 
fibrils,  while  the  large.st  arc  as  large 
as  relativelv  large  connective-tissue  bundles.  They  are 
easily  distinguished  optically  as  well  as  chemically  from 
the  connective-tissue  fibers.  4 hey  are  strongly  I’elVactive 
to  light  and  resistant  to  alkalies  and  acids.  Kven  the 
largest  elastic  fibers  cannot  be  broken  up  into  fibrillic. 
They  arc  coin|)osed  of  a delicate  outer  .sheath,  which,  does 
not  stain  in  magenta,  anil  an  interior  which  stains  dee])lv 
with  this  stain.  They  yield  no  gelatin  on  boiling,  but 
they  yield  elastin.  'TIk'V  are  readily  digested  in  pan- 
creatin, less  readily  in  pepsin.  They  occasionally  form 


Fig . 4. — Elastic 
memlirane  from  tlie 
liiiman  arteria  liasilaris. 

X -1^0. 
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fibrous  networks,  the  meshes  of  which  are  so  small  that 
elastic  plates  result,  possessing  only  small  openings,  M'hich 
are  called  elastic  membranes  (Fig.  4). 

The  views  of  investigators  ]>ertaining  to  the  develop- 
ment of  fibrous  elements  of  connective  tissue  are  still  at 
variance.  Certain  observers  regard  the  fibrous  elements 
as  products  of  excretion  or  fixation  of  the  ground  sub- 
stance.^ Tliis  view  is  supported  by  unsatisfactory  evi- 
dence. According  to  another  theory,  which  is  su2)ported 
by  many  observations,  the  fibrous  structures  of  the  connec- 
tive tissues,  including  the  elastic  fibers,  arise  from  the  con- 
nective-tissue cells  themselves  and  in  their  ])r(»toplasm  and 
later  become  inde])endent. 

'flic  ground  substance  of  the  various  connective  tis- 
su(w  vai'ies  greatly  ; it  may  be  (luid  or  semi-diiid,  as  in  the 
blood  and  loose  connective  tissue,  or  it  may  have  a solid 
consistence,  as  in  cartilage  and  bone  (see  under  this  tissue, 
])ages  4H  and  81).  Only  rarely,  as  in  many  kinds  of  car- 
tilage, do  fibrous  structures  oc,cur  in  the  ground  substance 
(here  they  are  chemically  identical  with  the  ground  sub- 
stance). As  a general  nde,  the  ground  substance  of  the 
various  (lonnective  tissues  is  homogeneous. 

According  to  the  relation  and  morjfiiologic  character- 
istics of  the  cells  or  of  the  intercellular  substance,  the  fol- 
lowing groups  and  varieties  of  connective  tissue  are  dis- 
tinguished : 

Group  A — Characterized  by  the  Fibers: 

1.  Simjile  fil)rillar  connective  tissue. 

2.  Elastic  tissue. 

Group  Ji — Characterized  by  the  Ground  Substance: 

1.  Gelatinous  connective  tissue. 

2.  Cartilage. 

3.  Bone. 

4.  Dentine. 

’ In  tlic  grmiiul  substance  of  liyalino  cartilafie,  filirons  formations  of 
tile  frronnd  snlistanee  oeenr,  -wliieli  are,  liowever,  (dieinieally  ideniieal 
with  the  ground  .substance  itself  and  take  their  origin  from  it. 
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Group  0 — Charaderized  by  the  Cellular  Elements: 

1.  Adipose  tissue. 

2.  Pigmented  connective  tissue. 

3.  Reticnku'  and  adenoid  connective  tissue. 

4.  Blood  and  bone-marrow. 

The  simple  fibrillar  connective  tissue  may  be  further 
subdivided  into  two  classes,  which  are  not  very  shar})ly 
defined  : (o)  Loose  connective  tissue ; (6)  formed  connec- 


tive tissue.  In  structure  the  two  forms  are  almost  alike, 
'flic  ditferentiation  rests  on  tlie  manner  in  wliich  the  cliar- 
aeteristic  elements  of  tlie  eomiective  tissue  fibers  or  fibrils 
are  arranged.  In  loose  (•onnective  tissue  they  are  foun<l 
in  bundles  of  dilfercut  size,  having  a slightly  wavy  course. 
Besides  the  bundles  of  comieetive-tissue  fibers,  loose  (!on- 
n<;etive  tissue  always  contains  elastic  fibers  of  varying 
number  and  size,  which  can  be  easily  distinguished  from 


Fig.  5. — Loose  iiiterniusciilar  connective  tis.sne  of  man.  X 140. 
The  figure  shows  tlie  huiulles  of  connective-tissue  liliers,  between 
which  are  ela.stic  fihei's  and  a connective-tis.sue  cell,  hd,  Connective- 
ti.ssue  Imiulle  ; cf,  elastic  libers  ; k,  nucleus  of  connective-tissue  cell. 
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the  connective-tissue  bundles  by  their  different  refraction 
and  by  the  different  chemical  reactions  (see  page  43). 

CelL'i  are  found  very  S])aringly  in  the  ordinary  loose 
connective  tissue  of  the  hunian  body,  giving  place  almost 
entirely  to  the  fibrous  elements.  They  are  generally  of 
flattened  form  and  lie  on  the  connective-tissue  bundles  or 
surround  them  like  a ring.  They  almost  always  He  at  con- 
siderable distances  from  each  other  and  constitute  the  so- 
called  fixed  connective-tissue  cells.  Besides  these,  the  fol- 
lowing occur  as  cellular  elements  of  loose  connective  tissue  : 
(1)  Leakoeytes  (see  page  57),  which  are  found  here  as 
in  nearly  all  tissues  of  the  human  body,  even  in  the 
epithelium  ; (^2)  ])kwna-cellii  iu\d  vuuit-cdL'i,  large  conncctive- 
fissue  cells,  wliich  are  rich  iu  ju’otoplasm  (see  page 
4 1).  Tlicir  number  is  very  variable  ; sometimes  they  are 
found  abiiudaiitly  aud  again  only  singly  or  not  at  all. 

Concerning  the  ground  substance  of  loose  connective 
(issue  we  ])ossess  very  little  definite  information;  it  is 
probably  of  a nearly  fluid  consistency. 

'fhe  loose  (jouncctive  tissue  is  distributed  over  nearly 
the  entire  body,  but  it  is  rarely  found  alone,  being  gen- 
erally associiah'd  with  adi[)ose  tissue,  as  intermuscular,  sub- 
cutaneous, submucous,  and  adventitious  connective  tissue. 
The  formed  connective  tinme  is  distinguished  from  the 
loose  es})ccially  by  the  fact  that  in  the  latter  the  connec- 
tive-tissue bundles  have  no  regular  arrangement,  while  in 
the  former  they  are  parallel  or  are  arranged  in  a network. 
The  ground  substance  is  present  only  in  small  amount ; 
in  tendon  it  is  ])resent  mostly  as  cement  substance. 
Relatively  few  elastic  fibers  are  pi’csent  in  tendon;  how- 
ever, in  the  dense  connective  tissue  of  the  cutis,  elastic 
fibers  are  abundant.  The  cells  of  formed  connective 
tissue  arc  generally  more  abundant  than  in  loose  con- 
nective tissue  and  are  more  regnlarly  arranged,  as  is  seen 
es])ecially  in  tendon.  Between  the  formed  and  loose  or 
areolar  connective  tissue  there  arc  many  transition  forms  in 
the  human  body.  Areolar  connective  tissue  also  occurs 
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in  the  form  of  supporting  tissue  for  the  formed  connective 
tissues,  as  for  instance  in  tendons  (see  page  93). 

The  dense  or  formed  connective  tissue  is  found  with 
parallel  arrangement  of  its  fibers  in  the  tendons,  fasciae, 
and  fibrous  membranes,  and  in  the  cornea;  with  reticular 
arrangement  of  fibers  and  with  more  irregular  course,  fre- 
quently passing  over  into  other  connective  tissues  without 
any  sharp  boundai’y  lines,  in  the  peritoneum  and  great 
omentum,  in  the  cutis,  and  in  the  basal  layer  of  mucous 
membranes. 

Elastic  tissue,  which  is  often  not  clearly  separated 
from  fibrous  connec- 
tive tissue  or  passes 
over  into  the  latter 
without  distinct  de- 
marcation, is  charac- 
terized by  the  pi’csence 
of  numerous,  generally 
large,  elastic  fibers  of 
almost  ])arallcl  ar- 
rangement. Ty|)ical 
elastic  tissue  is  found 
in  the  ligamcntum  nu- 
cha;, especially  of  large 
quadrupeds.  lu  the 
ligamentum  nuchte  are  found  large  elastic  fibers,  which 
frccpicntly  anastomose  in  a framework  of  loose  connective; 
tissue. 

Nearly  ])un;  elastic  tissue  is  1‘urther  found  in  the  mucous 
membranes  of  the  respiratory  tmet,  especially  of  the 
larynx  (mcml)rana  elastica),  of  tlie  trachea,  of  the  bronchi, 
and  of  tlie  lungs  (alveolar  wall)  ; also  in  the  vascular  sys- 
tem, in  which  elastic  membranes  occur  in  addition  to  the 
clastic  fibers  (sec  ]>age  43). 

Gelatinous  connective  tissue,  the  first  subdivision  of 
the  connective  tissues  charact(;i'izcd  by  their  ground  sub- 

; stance,  cannot  be  said  to  occur,  as  such,  in  the  adidt ; 

I 
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Fig.  (5. — Portion  of  a cross-section 
of  tlie  lifianientuni  nnclise  of  the  ox. 
X 420.  lid,  Loose  connective  tissue;  e, 
elastic  fibers. 
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Fig.  7. — Gelatinous  connective  tissue  from  a cross-section  of  the 
umbilical  coid  of  the  new-born.  X 280.  F,  Fibers ; Z,  cells  with 
fine  granules  of  fat  in  the  protoplasm. 

Fig.  8. — Portion  of  a cross-section  of  a human  costal  cartilage. 
X 200.  The  figure  .shows  the  typiavl  picture  of  a hyaline  eartilage 
with  cartilage  capsules,  whit^h  contain  two  or  more  cells.  In  the 
j)roto])lasm,  and  also  in  the  nuclei  of  the  cells,  fat  droplets  are  found. 
/,  I'at  droplets  ; K,  nuclei  of  cartilage  cells  ; kl,  cjirtilage  capsules ; 
Z,  cartilage  cells. 


however,  several  of  the  very  loose  connective  tissues,  with  a 
scarcity  of  libers,  po.sse.ss  a ground  substance  which  is 
gelatinous  or  .semi-Huid,  as  for  instance  the  tissue  sur- 
roufiding  the  membranous  .sefnicircular  canals,  and  such 
connective  ti.ssues  clo.scly  rc.scmblc  gelatinous  connective 
tissue.  In  the  new-born,  typical  gelatinous  tissue  is  found 
ifi  the  unihiliml  cord.  The  strnc.tnre  of  this  varies  but 
slightly  frotn  cmbryotial  coimective  tissue,  and  of  all  the 
varieties  of  connective  tissue  it  is  the  one  which  most 
closely  re.s('tnbles  fuesenchytiial  ti.ssue.  The  ground  sub- 
stance is  gelatinous,  the  tissue  is  rich  in  cells,  the  pro- 
ee.sses  of  whi(!h  distinctly  anastomose.  In  mesetichymal 
or  embryonic  confiective  tissue  there  are,  when  first  devel- 
oped, no  libers  ; in  gelatinous  connective  tissue  they  are 
present  in  moderate  number  and,  even  when  most  fully 
develojK'd,  form  an  inconspicuous  portion  of  the  tissue. 
Very  freijuently  gelatinous  connective  tissue  occurs  in 
jiathologic  Ibrmatiofi.s. 

Cartilaginous  tissue  is  readily  distinguished  from  all 
other  kinds  of  connective  tissue  by  its  ground  substance, 
which,  though  elastic,  is  hard  and,  when  nncalcilicd,  can 
be  cut  and  yields  chondrln  on  boiling.^  Of  the  different 
kinds  of  cartilage  which  occur  in  the  animal  kingdom,  only 
three  arc  found  in  the  human  body  : (1)  Hyaline  cartilage; 
(2)  clastic  cartilage  or  reticular  cartilage  ; (3)  connective- 
tissue  cartilage  or  white  hbro-cartilagc. 

’ 111  a wider  sense  certain  tissues  are  cbaractcrized  a.scartilnge  wliicb 
bave  a cartilaginous  consistency,  but  wliicb  consist  of  pure  coniiecf  iye 
tissue  (tar.sil  cartilage,  etc.),  or  even  tlie  eniliryonal  chorda  doi'salis, 
wliicb  genetically  is  (juite  a diflcrcnt  structure. 
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ITyaUne  cartilage  is  opaque  and  bluish-white  in  color. 
Its  ground  substance  is  homogeneous,  transparent  or  trans- 
lucent, and  yields  chondrin ; in  the  ground  substance  there 
are  found,  es])ecially  as  the  age  of  the  individual  advances, 
peculiar  fibrillar  structures,  which,  like  the  ground  sub- 
stance, yield  chondrin  on  boiling.  Calcification  of  the 
ground  substance  occurs  in  many  cartilages  as  age  advances 
and  also  during  endochondral  bone  development.  The 
cartilage  cells  are  found  in  spaces  in  the  ground  substance, 
the  cartilage  spaces,  occurring  at  variable  distances  from 
each  other. 

In  many  hyaline  cartilages  each  cartilage  space  is  sur- 
rounded by  a narrow  zone  of  ground  substance  which  is 
clumicterizcd  by  stronger  refraction  of  the  light ; this  is 
kmnvn  as  the  capsule  of  the  cartilage  cell.  In  the  cartilage 
spaces  are  found  the  cartilage  cells,  which  are  round  or 
oval  in  shape  and  without  processes.^  They  occur  in 
groups  of  one,  two,  or  even  occasionally  more  cells. 

Young  or  embryonic  cartilage  is  })oor  in  ground  sub- 
stance and  rich  in  cells.  The  cells  divide  mitotically  and 
a new  ca])sule  forms  about  each  daughter  cell,  forming  a 
bridge  of  hyaline  ground  substance,  so  that  each  new  cell 
finally  lies  in  a new  s])ace.  In  mature  cartilage  this  does 
not  appear  to  happen  in  all  cases ; for  this  reason,  in  most 
hyaline  cartilage,  spaces  are  found  which  contain  more  than 
one  cell.  It  is  very  common  to  find  two  neighboring  cells 
which  are  flattened  by  contact;  occasionally,  especially  in 
costal  cartilage,  long  cartilage  spaces  occur  containing  rows 
of  cartilage  cells.  We  possess  no  evidence  that  cartilage 
cells  divide  amitotically.  Hyaline  cartilage  is  very  widely 
distributed  in  the  human  body  as  the  cartilages  of  the 
joints,  the  costal  cartilages,  the  nasal  cartilage,  certain  of' 
the  cartilages  of  the  larynx,  cartilage  of  the  trachea  and 
of  the  larger  bronchi. 

Elastic  cartilage  is  characterized  by  the  presence  of  elastic 

' In  lower  aiiimal.s  tlierc  arc  varieties  of  cartilage  in  wliicli  tlie  cells 
Are  connected  by  processes.  (See  Nutrition  of  Cartilage.) 
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Fig.  9.  —Portion  of  a cross-section  of  the  elastic  cartilage  of  the  ex- 
ternal ear  of  man.  X 280.  The  lignre  shows  tlie  typical  picture  of 
elastic  cartilage,  cf,  Elastic  lihers ; K,  nuclei  of  eartilage  cells ; kk, 
ciipsules  of  cjirtilage  cells. 

Fig.  10. — Portion  of  a section  of  the  intervertebral  disc  from  man. 
X 200.  K,  Nucleus  of  cartilage  cell  ; kk,  cartilage  capsules ; kk„ 
ciirtilage  ciipsules  with  civlcilieation  granules  ; Z,  cartilage  cell. 

IUkm’s  in  the  ground  substiincc.  In  certain  places  the  hyaline 
cartilage  ])as.scs  over  gradually  and  without  any  definite  line 
of  demarcation  into  elastic  cartilage.  The  latter,  however, 
also  occurs  indep{'ndently.  Elastic  fibers,  varying  in  size, 
t'orm  dcn.se  networks,  especially  about  the  cartilage  spaces. 
Where  the  elastic  cartilage  occurs  without  transition  into 
hyaline  cartilage,  as  in  the  cartilage  of  the  pinna  of  the 
ear  and  oi‘  the  epiglottis,  the  network  of  elastic  fibers  is 
den.se  and  nearly  fills  the  entire  ground  substance 
througliout  the  (iartilage.  Where  there  is  a gradual 

transition  from  one  kind  of  cartilage  to  the  other, 
as  at  the  cud  of  the  vocal  ])rocesses  of  the  arytenoid 
cartilages  and  generally  in  the  cartilages  of  the  smaller 
bronchi,  a few  fine  single  elastic  fibers  are  found  in  the 
hyaline  ground  substance,  wdiich  gradually  become  more 
abundant  and  denser,  and  finally,  forming  networks,  ac- 
quir(!  the  .same  charactei'  as  in  pure  elastic  cartilage. 

\\diitc  fibro-(‘(trtila(/e  is  characterized  by  the  fact  that 
bundles  of  connective-tissue  fibers  are  found  in  a very 
small  amount  of  ground  sub.stance,  between  which  cartilage 
cells  lie  in  di.stinct  cartilage  .spaces.  The  cartilaginous 
nature  of  this  form  of  cartilage  is  doubtful,  especially  as 
it  does  not  yield  chondrin  on  boiling.  The  statements 
regarding  the  occurrence  of  this  form  of  cartilage,  in  places 
where  simple  fibrous  tissue  seems  to  occur  at  times,  are 
very  variable.  In  any  case  the  occurrence  of  white  fibro- 
cartilage  in  man  is  limited  to  the  fibro-cartilaginous  inter- 
vertebral di,scs  and  certain  interarticular  discs  and  liga- 
ments. 

Cartilage  and  dentine  are  probably  the  only  kinds  of 
connective  tissue  which  contain  no  blood-  and  lym])h-ves- 


ef 

Fig.  9. 


U-  Z K 


Fig.  10. 


I 


CONNECTING  TISSUE. 


51 


sols  and  probably  no  norvos.  Whether  the  hyaline  ground 
substance  contains  fine  canals  for  carrying  nutrition  is 
doubtful.  In  any  case  the  nutrition  of  cartilage,  which  is 
provided  for  from  the  tirin  connective-tissue  capsule  envel- 
oping the  cartilage,  the  perichondrium,  seems  imperfect,  so 
tliat  the  larger  cartilages  almost  invariably,  by  the  entrance 
of  blood-vessels  from  the  perichondrium,  begin  to  change 
into  l)one  tissue  (large  cartilages  of  the  larynx). 

The  structure  of  bone  and  dentine  will  be  discussed 
when  considering  these  tissues.  AVe  shall  now  consider  the 
third  group  of  connective  tissues,  characterized  by  cellular 
elements. 

Adipose  tissue  in  the  fully  developed  condition  consists 
of  collections  of  fat-cells.  These  are  bound  together  by 
l)undles  of  loose  areolar  connective  tissue  to  form  fat- 
lobules. 

The  fully  developed  fat-cell  is  spherical,  has  a distinct 
cell  membrane,  and  (ionsists  essentially  of  a large  spherical 
fat-drop,  which  crowds  remains  of  protoplasm  and  nucleus 
so  that  they  rei)resent  only  a narrow  border  within  the 
cell  membrane.  The  flattened  nucleus  of  the  fat-cell 
contains  usually  a refractive  globule,  either  a vacuole 
or  fat  droplet.  In  the  dead  (cold)  fat-cell,  fatty  acid  crys- 
tals often  crystallize  out  in  the  form  of  needles. 

Adipose  tissue  is  very  rich  in  blood-vessels,  which,  in 
the  form  of  (capillaries,  form  a dense  network  between  the 
fat-cells.  Adipose  tissue  is  almost  always  found  in  com- 
pany with  loose  connective  tissue,  so  that  sometimes  one 
and  sometimes  the  other  predominates.  It  occurs  as  sub- 
cutaneous tissue  mixed  with  loose  connective  tissue,  and 
also  as  interstitial  tissue  almost  all  over  the  body. 

Adipose  tissue  may  to  a certain  exbait  lx;  formed  from 
ordinary  connective  tissue,  since  comu;cti ve-tissue  cells 
form  or  take  up  small  fat-drojis,  which  become  larger  and 
finally  fill  the  whole  cell  in  the  ty|)ical  way.  Fat-cells 
thus  develojied  are  not  grouped  into  lobules  of  fat.  On 
the  other  hand,  adiiiosc  tissue  may  become  atrophic  and 
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thus  resemble  fibrous  connective  tissue,  in  that  the  fat- 
drops  become  smaller  and  finally  entirely  disappear.  Such 
atrophic  adipose  tissue  is,  however,  not  identical  with 
fibrous  connective  tissue. 

Pigmented  connective  tissue  (see  Plate  6,  Fig.  1) 
is  found  very  s])aringly  in  the  human  body,  while  in  tlie 

lower  animals  it  has 
a wide  distribution, 
and  in  certain  forms 
all  the  fibrous  con- 
nective tissue  is  pig- 
mented. In  man  it 
is  constantly  and 
well  developed  only 
in  the  choroid  and 
iris.  The  character- 
istic feature  of  this 
connective  tissue  is 
that  the  relatively 
abundant  connec- 
tive-tissue cel  Is  con- 
tain fine  difievently 
colored  pigment 
granules  (yellow, 
brown,  or  black), 
which  nearly  fill  the 
body  of  the  cell ; at 
the  same  time  the 
tissue  contains  few 
fibers.  The  presence 
of  pigment  in  con- 
nective tissue  is  al- 
ways associated  with  the  ])rotoplasm  of  the  cells.  Even 
when  ])igment  occurs  in  small  amounts,  in  fibrous  connective 
tissue,  as  occasionally  in  the  .skin  and  in  other  ])laces,  it  is 
always  carried  by  the  cells.  The  jngmented  conneetivc 
tissue  in  man  is  not  sharj)ly  separated  from  ordinary  con- 


Fip;.  11. — Adipose  tissue  from  the  orbital 
cavity  of  man.  X 2H0.  The  fi^rure  shows 
fat-cells  with  fatty  acid  needles.  The  nuclei 
contain  vacuoles.  hK,  Nucleus  of  connec- 
tive-tissue cell  ; A"j,  nucleus  of  fat-cell 
.seen  in  surhice  view  ; E.^,  nucleus  of  fat-cell 
seen  from  the  side  ; M,  riiembrane  of  fat- 
cell ; X,  crystals. 
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nectivc  tissue.  It  is  relatively  rich  in  cells  ; it  generally 
appears  as  areolar  tissue,  similar  to  the  ordinary  loose 
connective  tissue,  but  it  is  much  poorer  in  fibers,  which 
rarely  form  large  bundles. 

Lymphoid  or  adenoid  tissue  is  a form  of  connective 
tissue  which  is  very  widely  distributed  in  the  human  body. 
It  is  found  in  a compact  form  in  all  lymph-glands,  in  the 
thymus  gland,  spleen,  and  all  the  smaller  lymphatic 
structures  of  the  digestive  tract  and  of  other  mneons 
membranes;  in  the  diffuse  form  it  occurs  in  the  red  bone- 
marntw  and  many  mneons  membranes,  as  for  instance  in 
the  uterus  and  the  intestine.  The  lymphoid  tissue  may 
be  said  to  consist  of  two  types  of  connective  tissue,  which 
together  form  such  organs  as  the  lymph-glands,  thymus, 
and  s[)leen  ; one  is  a tine  connective-tissue  framework, 
which  is  ])artly  fibrous  and  partly  cellular,  the  reticuJar 
tissue,  and  the  other  a mass  of  round  cells  filling  the  in- 
terstices of  the  reticnlnm.  The  elements  of  the  latter 
belong  to  tlu;  eatc'gory  of  tlie  /jpnphocyte.^  and  leukocytes  or 
colorless  blood-cells  (see  l>age  57).  They  are  round  or 
oval  elements,  with  large  round  nuclei,  and  enter  the  cir- 
etdation  as  lymphocytes  or  monoimclear  leukocytes.  In 
the  l)one-niarrow  (see  page  (il)  and  in  the  spleen  other 
forms  of  cells  are  found.  In  the  lower  vcrt(‘bratcs  the 
reticular  connective  tissue  is  formed  of  anastomosiiip-  stel- 
late  cells.  In  the  higher  vertebrates  and  especially  in  the 
larger  mammalia,  tlie  reticnlnm  consists  for  the  greater 
part,  and  in  certain  n'gions  perha])s  even  e.xclnsively,  of 
finer  and  coarser  branching  and  anastomosing  connective- 
tissiu!  trabeeidic,  comp(»sed  of  reticidar  and  white  fibrous 
tissue  fibrils  on  which  li(‘ flattened  cells. 

\\'ith  the  (!X(!eptioii  of  cartilage,  dentine,  and  the  (H)imce- 
tivc  tissue  of  the  cornea,  all  forms  of  conm'eti V('  tissue 
contain  blood-vessels,  though  generallv  In  small  numbers 
The  cf)rnea  contains  nerves ; only  cartilage,  bone,  and 
dentine  seem  to  be  devoid  of  nerves. 

Lymj)h-re.'<sel.'<,  as  sneh,  are  rarely  found  in  connective 
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tissue,  but  tlie  cell  spaces  and  caualiculi  are  probably  to 
be  regarded  as  the  radicles  of  the  lymph  vascular  system. 
These  are  to  be  observed  most  distinctly  in  bone,  lying 
between  the  cells  and  the  walls  of  the  Haversian  canals 
and  in  the  cornea,  where  they  also  occur  as  pericellular 
spaces,  between  the  cells  and  the  ground  substance.  In 
many  kinds  of  connective  tissue,  the  tissue  fluid  seems  to 
circulate  in  the  ground  substance,  as  in  cartilage. 


Fig.  12. — Fresh  ))lood  without  the  addition  of  fluid.  X ^^50.  The 
figure  shows  red  and  white  blood-cells  and  blood  platelets,  c,,  Fed 
blood -cells  seen  on  the  flat  surface;  e.„  red  blood-cells  seen  on  edge 
(rouleaux);  Cj,  red  blood-cells  .seen  partly  from  the  side;  e,,  spherical 
red  blood-celis;  I,  leukocytes;  p,  blood  platelets. 


Blood. — Although  in  the  adult  bodytheblood,on  account 
of  the  lack  of  any  regular  arrangement  of  its  elements,  does 
not  appear  as  a typical  tissue  and  is  not  .so  regarded  by  the 
majority  of  authors,  yet  histogeuctically  it  is  scarcely  to  be 
se])arated  from  the  connective  tissue.s,  and  we  are  therefore 
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warranted  in  considering  it  a tissue  with  a fluid  intercellu- 
lar substance. 

The  blood  is  composed  of  a blood  fluid,  the  blood 
phmna,  and  of  the  formed  elements,  the  blood-corpuscles 
or  blood-cells  and  the  blood  platekts.  The  blood  plasma 
is  regai'ded  as  the  intercellular  substance,  since  it  originates 
embiyologically  as  an  intercelhdar  substance.  As  the 
blood  plasma  is  homogeneous,  it  cannot  be  analyzed  micro- 
scopically. 

Blood-corpuscles  are  divided  into  two  main,  sharply 
defined  groups — the  colored  blood-corpuscles,  or  erythro- 
cytes, and  the  colorless  or  white  corpuscles,  the  lympho- 
cytes and  leukocytes.  The  colored  or  red  corpuscles 
appear  yelh)w  under  the  microscope ; it  is  only  in  thicker 
layers  that  they  ap])car  red.  In  the  adult  condition  at 
least  they  have  no  nuclei  and  are  therefore  non-nucleated 
cells.  The  human  red  blood-cells  measure  on  an  average 
7.5  fi  in  the  long  diameter  and  l.G  p in  the  short  diameter. 
In  man  one  cubic  millimeter  contains  on  an  average 
5,000,000  red  blood-cells.  The  views  concerning  the 
structure  of  the  red  blood-cell  are  still  somewhat  at 
variance,  but  it  is  very  probable  that  it  possesses  a very 
thin  cell  membrane  ; within  this  is  found  a fine  proto- 
plasmic framework  known  as  the  stroma,  the  meshes  of 
which  are  filled  with  the  coloring  matter  of  the  blood,  the 
hemoglobin. 

Resides  the  disc-shaped  cells,  spherical  red  blood-cells 
arc  occasionally  found,  and  very  rarely  we  may  find  in  the 
circulating  blood  nucleated  immature  red  blood-corpuscles 
(generally  only  after  severe  loss  of  blood). 

The  ordinary  disc-sha])ed  red  blood-corpuscles  of  man 
have  a tendency,  when  tiny  are  ])resent  in  the  preparation 
in  large  numbers  and  in  a thick  layer,  to  lie  tog(‘ther  and 
form  s«»-called  rouleaux.  They  are  very  sensitive  to 
reagents  and  es])e(;ially  to  evaporation,  whidi  ])roduces  a 
concentration  of  the  salt  solution  of  th(>  blood,  so  that 
water  is  withdrawn  from  the  blood-corpuscles.  As  a 
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result,  the  membrane  shrinks  and  the  so-called  crenated 
form  of  blood-corjniscles  develops.  Water,  especially 
distilled  water,  ether,  chloroform,  and  many  other  reagents 
remove  the  hemoglobin  from  the  blood-cells,  which  are 


Fig.  13. — Pliotxjgraplis  of  the  Welcker  blood-corpuscle  models, 
repre.seiiting  the  corpuscles  1.500  : 1.  The  figures  after  the  uame 
give  the  size  of  the  red  l)lood -corpuscles:  1,  Proteus,  .58  : 3.5 /i;  2,  frog, 

22.3  : 1.5.7/^;5,  lizard,  15.79  : 9.9^;.^,  tench,  12.8  : 10.2//; 5,  chafhuch, 

12.4  : 7.5//;  6,  llama,  8 : 4//;  7,  mau,  7.2  : 7.8//;  S,  dormouse,  6.2  //; 
9,  goat,  5.4//;  10,  muskox,  2.5//. 

then  scarcely  visildc  under  the  microscoj)o,  producing  the 
structures  known  as  blood  shadows. 

Only  the  blood-cells  of  mammalia  are  biconcave  circu- 
lar di.scs  with  rounded  edges  and  non-iuiclcjited.  1 he 
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tvlopods,  camel,  llama,  and  others,  whose  red  blood-cor- 
puscles are  elli[)tic,  but  nou-nucleated,  are  the  only 
exce[)tions  to  this  rule.  The  red  blood-cells  of  all  other 
vertebrates  are  nucleated  biconvex  discs  of  elliptic  form, 
the  convexity  being  caused  by  the  oval  nucleus. 

The  amphibia  have  the  largest  blood-corpuscles,  espe- 
cially the  tailed  amphibia  with  persistent  gills.  The 
smallest  red  blood-corpuscles  are  found  in  cerhiin  mamma- 
lia (see  Fig.  Id). 

It  is  forensically  important  to  know  the  form  and  size 
of  the  blood-corpuscles.  In  size,  the  human  blood-cor- 
puscles stand  nearest  to  those  of  many  domestic  animals. 
It  is  therefore  impossible,  from  tlie  size  of  the  corpuscles, 
to  reach  a decision  as  to  whether  human  blood  or  for  in- 
stance dog’s  blood  is  before  us. 

The  hemoglobin  from  the  blood-corpuscles  crystallizes  in 
forms  which  are  ditferent  in  ditfereut  animals  (in  man,  in 
rhombic  prisms).  It  is  possible  to  obtain  hemoglobin  crys- 
tals (jnly  fnjm  fresh  blood  or  from  fresh  clots,  and  even 
this  is  often  accomjdished  with  difficulty.  Occasionally, 
but  generally  only  pathologically,  hematoidin  crystals  occur 
in  old  blood  exudates ; these  represent  a transformation 
product  of  the  hemoglobin. 

Even  from  very  old  traces  of  the  blood  of  every  species 
of  animal  whose  blood-cells  contain  hemoglobin,  erysteds 
of  chlorid  of  hematin  (Jicmin)  can  be  obtained,  which  aj)])car 
in  the  form  of  long,  needle-like,  rhombic  crystals  of  dark 
brown  color. 

The  discovery  of  hemin  crystals  shows  only  that  blood 
is  before  us  and  not  tliat  tlie  blood  is  human.  Frog’s 
l)lood  and  fish’s  blood,  for  instance,  give  tlie  same  hemin 
crystals  as  liuman  blood. 

The  colorless  (wliite)  blood-corpuscles  form  a large 
group  of  c(!lls  of  mcs(‘nchymal  origin,  wliich  occur,  not 
only  in  tlie  blood,  lint  also  in  the  lymph,  as  lymphocytes 
form  the  chief  constituent  of  adiaioid  (Minnective  tissue  (see 
page  53);  they  are  also  found  scattered  in  aliimst  every 
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variety  of  connective  tissue  and  even  occur  between  the 
cells  of  epithelial  tissues.  The  number  of  the  white  blood- 
cells  varies  in  circulating  blood  within  certain  limits,  their 
j)roporti()n  to  the  erythrocytes  being  as  1 : 300  : 500. 

Several  varieties  of  white  blood-cells  are  recognized,  the  : 
classification  being  based  on  the  form,  size,  and  structure  \ 
of  the  nucleus,  on  the  relative  amount  and  the  structure 
of  the  proto])lasm,  and  on  the  origin.  The  following  ; 
varieties  are  distinguished  : (1)  Small  and  large  lympho- 
cytes ; (2)  mononuclear  leukocytes ; (3)  transitional  leuko- 
cytes ; (4)  polymorphouuclcar  leuko- 
cytes and  ])olynnclear  leukocytes. 

The  lymphocytes  vary  in  size  from 
5 n to  7.5  n and  ]iossess  a relatively 
large  nucleus,  which  stains  decj)ly  and 
is  surrounded  by  a narrow  zone  of  pro- 
toplasm. They  form  about  20  per 
cent,  of  the  white  blood-cells  and  are 
developed  in  adenoid  tissues. 

The  mononuclear  leukocytes  vary  in 
size  from  7 //  to  10  //  and  possess  a round 
or  oval  nucleus,  relatively  smaller  than 
that  (jf  the  lymphocytes  and  which,  in 
most  dyes,  is  not  colored  very  deeply. 
They  constitute  2 to  4 per  cent,  of  the  white  blood-cells. 

Tlie  monomudear  leukocytes  very  probably  originate  in  tlic 
spleen  and  l)oue-marrow  and  develop  into  the  transitional 
forms  and  these  in  turn  into  the  polymorphonuclear  forms. 

The  transitional  leukocytes  constitute  from  2 to  4 ]>er  cent, 
of  the  white  blood-cells  and  possess  a nucleus  of  more  or 
less  ])rouounced  horseshoe  shape,  of  a size  and  structure 
similar  to  that  seen  in  the  mononuclear  variety.  The  poly- 
morphonuclear leidvocytcs  form  from  60  to  70  ]ier  cent, 
of  the  white  blood-cells  and  jmsscss  variously  lobulatod 
nuclei,  the  several  nuclear  masses  being  united  by  delicate 
threads  of  ])rotoplasm.  A polymoiphouuclear  leukocyte 
develops  into  the  j)olynuclcar  form  when  the  delicate 


Fipf.  14. — Uepre- 
sentiition  of  heinin 
crysUils  from  dried 
luimaii  blood.  X 
700. 
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bridges  of  nuclear  substance  uniting  the  several  lobules 
of  the  nucleus  of  the  former  break  through.  In  the  leuko- 
cytes with  polymorphous  nuclei  there  is  found  in  the 
center  of  the  lobular  unclear  mass  a centrosomc  which  is 
often  difficult  to  demoiisti’ate ; iu  the  resting  stage  of  the 
cell,  fine  rays  I’adiate  from  this.  By  means  of  special 
staining  methods,  the  presence  of  granules  can  be  shown 
in  the  protojfiasm  of  the  transitional,  polymorphonuclear, 
and  polynuclear  leukocytes  of  the  blood  and  lymph  and 
of  certain  blood-forming  organs;  in  the  latter,  mononuclear 
cells  with  round  or  oval  nuclei,  possessing  granules  in 
their  protoi)lasm,  are  found.  These  granules  show  specific 
reaction  toward  certain  anilin  stains  or  combinations  of 
such  stains,  and  according  to  their  staining  power  they  are 
divided  into  the  following  sub-classes  : (1)  Those  which 
stain  with  the  acid  anilin  dyes  and  especially  with  eosin 
are  known  as  oxyphile  or  eosiuophile  granules;  (2)  gran- 
ules which  show  an  affinity  for  basic  stains  are  known  as 
basophile  granules;  (3)  granules  which  stain  in  certain 
combinations  of  acid  and  basic  anilin  stains,  the  so-called 
neutral  staining  mixtures,  are  known  as  neutrophile  gran- 
ules; (4)  granules  which  stain  in  both  basic  and  acid  anilin 
stains  are  de.signated  amphophile  granules. 

The  leukocytes  with  eosino])hile  granules  form  1 to  4 
per  cent,  of  the  circulating  white  blood-cells.  The  gran- 
ules are  coar.se  and  can  be  recognized  with  moderately 
high  magnification  even  in  unstained  cells.  They  stain  a 
bright  red  in  cosin  and  f)ccur  in  normal  blood  in  cells 
with  horseshoe-shaped  or  lobulatcd  nuclei.  In  bone- 
marrow  thev  are  also  found  iu  mononuclear  cells  with 

y 

round  or  oval  nuclei.  Th(‘y  arc  found  in  the  connective 
tissue  f)f  the  intestiiu',  and  in  certain  ])ath()logic  .states  are 
found  in  greatly  increa.sed  numl)ers  in  connective  tissue. 

The  ba.sophile  granules  occur  in  two  sizes  : first,  as 
large  granules  very  little  .smaller  than  the  oxyphile;  these 
an;  found  in  tlie  so-called  mast-eells  (see  page  41)  and 
rarely  occur  in  the  normal  eirenlating  blood,  but  are  found 
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Plate  5.— Blood. 

Fig.s.  1-21.— Blood=corpuscles  from  Human  Blood.  X 700. 

The  lifjure  shows  tlie  diflerent  fonus  of  erythrocytes,  lymphocytes, 
and  leukocytes. 

Technic:  Dry  ])reparation.  Ether-alcohol.  Hematoxyliu-eosiu. 
In  1,  d,  and  -1,  Ehrlich’s  triacid  solution. 

Figs.  G-12. — Erythrocytes. 

Fig.  !). — Nucleated  red  blood-corpuscles. 

Figs,  l-band  i:i-21.— White  blood-cells. 

Fig.  1. — Small  lymi)hocyte,  having  a small  amount  of  protoplasm 
and  large  nuckms. 

Figs.  2 and  :i. — Polynuclear  leukocytes  with  neutrophile  granula- 
tion. 

Figs.  4,  .1,  11,  10,  and  18. — Ordinary  polynuclear  leukocytes. 

Figs.  l.T,  1!),  and  21. — Leukocytes  of  dillerent  sizes,  having  acid- 
ophile  (eosinoidiile)  granulation. 

Figs.  Ill  and  20. — Jjargo  lymjdiocytes. 

Fig.  17. — Mononuclear  leukocyte. 

Fins.  22-:il. — Elements  of  the  Bone=marrow  of  a Mouse. 
X 700. 

The  ]ireparation  was  taken  from  the  femur  of  a full-grown  mouse. 

The  (igiirc  shows  one  of  the  large  giant-cells  of  the  bone-marrow, 
ordinary  and  nucleated  red  blood-corjiiiscdes,  dillerent  kinds  of  marrow' 
cells  including  leukocytes,  among  tbcm  eosinophile  cells  and  mitoti' 
cally  dividing  cells. 

Teebnio  as  above. 

Fig.  22. — Polynuclear  giant-cell. 

Fig.s.  211-28. — M arrow-cel  Is. 

Fig.  211. — Marrow-cell  with  annular  nucleus  (goes  through  the 
nuclear  stage  of  25  into  that  of  21 — that  is,  into  the  ordinary  poly- 
morphonuclear cell). 

Figs.  25  and  20. — Acidophile  cells. 

Figs.  27  and  28. — Mito.scs. 

Fig.  2!). — Ordinary  erythrocyte. 

Figs.  30  and  31. — Nucleated  erythrocytes. 

in  certain  pathologic  conditions;  second,  as  very  fine 
granules  which  are  \dsible  only  under  liigh  magnification  ; 
these  are  seen  in  the  leukocytes  of  the  circulating  blood, 
such  cells  forming  a small  percentage  of  the  white  blood- 
cells. 

The  leukocytes  with  neutrophile  granules  form  65  to 
68  per  cent,  of  the  jiolymorjihoniiclear  forms  found  in  the 
circulating  blood.  They  are  very  fine  grannies,  not  read- 
ily seen  unless  oil-immersion  len-ses  are  n.sed.  Nentro- 
jihile  grannies  further  occur  in  certain  mononuclear  cells 
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of  the  bono-marrow  (myelocytes) ; iu  certain  pathologic 
eoiulitioiis  such  cells  are  seen  in  circulating  blood. 

Aniphopliile  grannies  occur  in  the  leukocytes  of  many 
mammals,  both  in  the  circulating  blood  and  in  the  hone- 
marrow. 

The  blood  platelets  are  colorless  discs  of  round  or  oval 
form,  measuring  2 /i  to  3 ji,  and  are  in  proportion  to  the 
red  blood-cells  as  1 : 25  or  as  1 : 40.  They  are  constant 
constituents  of  the  human  blood.  Their  structure  and 
development  have  not  yet  been  fully  determined.  Cer- 
tain investigators  regard  them  as  nuclear  fragments  of 
either  the  red  blood-cells  or  of  the  leukocytes.  Accord- 
ing to  more  recent  investigations,  the  blood  platelets  or 
the  thrombocytes,  as  they  are  known  on  account  of  their 
relation  to  the  coagulation  of  the  blood,  are  small  nucle- 
ated cells,  which  are  destroyed  in  the  process  of  coagula- 
tion. It  has  been  shown  that  they  possess  ameboid 
movement. 

Red  bone-marrow  consists  of  a delicate  reticulum  of 
fibrous  and  reticular  connective  tissue,  in  the  meshes  of 
which  are  found  numerous  cellular  elements.  The  cellu- 
lar elements  of  the  bone-marrow  are  : (1)  Leukocytes  and 
lymphocytes, as  found  iu  circidating  blood.  (2)  Myelocytes. 
These  are  mononuclear  cells,  slightly  larger  than  the  leu- 
kocytes, with  round  or  oval  nuclei,  which  stain  faintly, 
and  a ])rotoplasm  containing  neutrophile  granules,  Jiow 
and  then  vacuoles  and  pigment  granules.  These  cells  are 
f()Und  in  (ureulating  blood  in  certain  pathologic  states. 
(3)  Numerous  cells  with  eosinophilc  granules  in  the  pro- 
toplasm, the  nuclei  of  which  may  be  cither  round  or  oval, 
horseshoe-shaped  or  polymorplams,  are  found.  (4)  \Te 
further  meet  with  cells  with  vacuolated  or  annular  nuclei. 
These  cells  ])robably  develop  into  the  leukocytes  with 
polymorphous  nuclei.  (5)  Between  the  oi'diuary  marrow- 
cells  are  scattered  large,  .spherical  cells,  rich  iu 

proto])lasm,  with  .several  and  often  many  nuclei.  The 
nuclei  often  lie  in  a group  or  ma.ss,  and  occa.sionally  in  the 
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form  of  a crescent.  The  diameter  of  these  cells  often 
reaches  100//.  (6)  In  addition  to  the  fully  developed  red 

blood-cells,  we  also  find  in  the  bone-marrow  nucleated  red 
blood-cells  still  in  the  process  of  formation.  The  bone- 
marrow  is  the  scat  of  blood  J'onnation.  In  its  tissue,  new 
red  blood-cells  are  formed,  the  devclojimental  stage  of 
which,  here  as  well  as  in  embryonal  blood  development,  is 
nucleated.  Tlicy  roach  the  veins  of  the  bone-marrow 
after  they  have  lost  their  nuclei.  There  is  as  yet  contro- 
versy as  to  the  manner  in  which  the  nucleus  is  lost. 
Certain  investigators  believe  that  the  nucleus  is  extruded, 
while  others  state  that  it  is  absorbed  or  lost  by  chromat- 
olysis. 

MUSCLE  TISSUE. 

Both  as  to  structure  and  function,  muHcular  tissue  is 
divided  into  two  great  subdivisions:  (1)  Transversely 
striated  or  voluntary  muscle  (cardiac  muscle  is  striated, 
but  involuuhiry);  (2)  non-striated,  smooth,  or  involuntary. 

Involuntary  muscle  consists  of  long,  spindle-shaped 
mononuclear  cells,  exhibiting  the  character  of  ordinary 
cells.  They  vary  in  size,  and  especially  in  length,  measur- 
ing from  50  //  to  150  //  in  their  long  diameter  and  from  5 // 
to  8 //  in  tlieir  thickest  portions.  Very  large  smooth 
muscle-tibers  are  found  in  the  musculature  of  the  seminal 
ducts,  and  still  larger  fibers  in  the  musculature  of  the 
pregnant  uterus,  where  they  may  attain  a length  of  500  //. 

Idle  tyjiical  smooth  muscle-cell  or  fiber  is  fusiform.  In 
the  middle  of  the  thickest  portion  is  found  an  elongated 
nucleus,  which  has  the  form  of  a short  rod  with  rounded 
corners.  The  two  ends  of  the  smooth  muscle-libcr  are 
shai’[)ly  pointed.  The  protoplasm  of  the  smooth  muscle- 
fiber  stains  quite  intensely  with  acid  anilin  dyes,  as  eosin, 
etc.;  as  a result,  smooth  muscle  can  often  be  readily  dis- 
tinguished from  the  surrounding  connective  tissue.  In 
the  protojilasm  of  tlie  larger  cells  a distinct  longitudinal 
striation  may  be  observed,  due  to  the  presence  of  librils 
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wliich  run  parallel  or  nearly  parallel  to  the  long  axis  of 
the  cell  ; these  are  more  clearly  made  out  in  cross-sections 
of  the  cells,  in  which  they  appear  as  minute  grannies. 

The  involuntary  muscle-cells  arc  inclosed  within  delicate 
fenestrated  connective-tissue  membranes,  so  disposed  that 
two  contignous  involuntary  muscle-cells  ai’e  separated  by 
a single  membrane.  The  intercellular  bridges  described 
by  certain  observers  are  due  to  faulty  technic  and  are  to 
be  regarded  as  artefacts. 

Xon-striated  muscle-fibers  may  occur  in  relatively  large, 
compact  masses,  with  regular  arrangement  of  the  cellular 
elements,  and  then  form  the  so-called  involuntary  muscula- 
ture. The  musculature  of  almost  all  the  abdominal  organs 
is  of  this  variety,  as  in  the  stomach,  intestine,  bladder, 
uterus,  etc.  They  also  occur,  however,  scattered  in  small 


Fi^.  15. — Lsolated  involuntary  muscle-cell  from  the  intestine  of  a 
frog,  in  the  middle  of  which  the  nucleus  is  seen.  X 320. 

bundles  and  even  in  single  fibers,  as  in  the  mucous  mem- 
brane of  the  stomach  and  in  the  villi  of  the  intestine, 
and  in  certain  regions  form  tyj)ical  networks,  as  in  the 
bladder.  (See  Plate  68,  Fig.  2.) 

\\dierc  involuntary  mu.scle  occurs  in  larger  amounts, 
bundles  or  fasciculi  of  the  tis.snc  are  surrounded  by  con- 
nect ive-ti.ssue  sheaths  which  ])enctrate  between  the  single 
groups  of  fibers.  This  connective  tissue  also  carries  the 
abundant  blood-  ami  lymph-ve.‘;sels.  lilood  capillaries  are 
found  between  the  single  muscle-fibers.  Smoofh  muscu- 
lature is  suj)])licd  exclusively  by  the  ncuraxes  of  sympa- 
thetic neurones. 

Smooth  mu.scidature  is  very  widely  di.stributcd  in  the 
human  body.  It  is  found  in  the  entire  digestive  canal 
from  the  middle  of  the  esophagus  to  the  anus,  in  the  gall- 
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hliidder  and  the  larger  bile-ducts,  in  the  excretory  ducts 
of  many  glands,  in  the  urinary  passages,  in  the  efferent 
passages  from  the  male  and  female  reproductive  organs,  in 
the  blood  and  lymph  vascular  system,  in  the  eye,  in  the 
res]hratory  passages,  and  in  the  skin. 

'fhe  elements  of  transversely  striated,  voluntary 
muscle,  in  contrast  to  those  of  non-striated  muscle,  are  not 
simple  cells,  but  cell  syncitia  or  jdasmodia. 

I listogenetically,  each  striated  muscle-cell  or  fiber  arises 
from  a single'  cell  (one  of  the  cellular  elements  of  the 
myotomes  of  the  primitive  vertebiu').  A proliferation  of 


Fipf.  1().— Ends  of  three  isolated  striated  muscle-fibers  of  the  frog. 
The  ligurc  at  the  left  shows  an  intermuscular  and  at  the  right  a ten- 
dinous termination.  X lOd. 

the  nucleus  takes  place  by  mitotic  division,  without  subse- 
quent division  of  the  ])roto])lasm.  At  the  same  time  a 
very  considerable  elongation  of  the  cell  takes  place  with 
development  of  contractile  fibril Ise. 

The  cross-striated  muscular  fibers  are  usually  of  long 
cylindric  .shape,  with  rounded  or  beveled  ends.  They  are 
often  of  considerable  length,  measuring  12  cm.  and  more  in 
long  parallel-fibcrcd  muscles.  Tlie  thickness  of  the  muscle- 
fiber  varies  between  about  10  fx  and  100/i.  Each  muscle- 
fiber  has  two  free  ends;  these  may  citlier,  as  in  short 
muscles,  run  from  tendon  to  tendon,  or  the  fiber  may  begin 
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with  the  one  free  end  in  tendon  and  end  free  in  muscle ; 
or,  as  is  the  case  in  very  long  muscles,  certain  of  the  mus- 
cle-tibei's  do  not  reach  the  tendon,  but  have  two  intermus- 
cular ends.  The  tendon  ends  of  the  muscle-fibers  are  gen- 
erally rounded  and  characterized  by  collections  of  nuclei  (see 
Fig.  16).  The  intevmuHcidar  ends  are  beveled;  the  bev- 
eled ends  of  adjoining  muscle-fibei’s  are  said  to  be  united 
by  cement  substance. 

Each  striated  muscle-fiber  is  surrounded  by  a dense 
homogeneous  membrane,  the  sarcolemina,  which  is  easily 
i.solated;  this  represents  the  cell  membrane  of  transversely 
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Fi<;-  1~- — Lonj;itndinal  section  of  a small  mnscle-fiber  from  tlie 
human  eye  muscle.  X “loO.  ai,  Ani.sotropic  substance;  i,  isotropic 
substance;  k,  nuclei;  »,  sarcolemma. 

striated  mu.scle-fibers.  Within  the  sarcolemma  is  contained 
the  miKscle  substance,  in  which  are  recognized  the  contrac- 
tile ultimate  fibrils,  the  interlibrillar  substance,  the  sarco- 
j)lasm,  and  the  nuclei. 

Functionally,  the  most  important  con.stituents  are  the 
crosH-struded  contractile  fhriHcc,  which  give  the  character- 
istic cross-striated  apjx'arance  to  tlu;  entire  muscle-fiber. 
Frecpiently  also  the  fibrillfe  give  to  the  muscle-hber  a 
distinct  longitudinal  striation,  especially  ivlien  (he  inter- 
fhrillar  stibstanee  is  reledivelji  (djundanf,  as  in  lower  ani- 
mals. 

The  tibrillaj  are  fine  tibi’iHar  structures,  arranged  in  the 
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long-  axis  of  the  fiber  and  taking  up  the  entire  length  of 
the  fiber ; under  the  niieroscope  tliey  show  alternate  dark 
and  light  segments.  The  segments  which  appear  dark 
eonsist  of  donbly  refracting,  anisotropic  snl)stancc ; the 
segments  which  ap])oar  light,  of  singly  refracting,  isotro})ic 
substance.  More  carefid  investigation  shows  that  in  the 
middle  of  the  isotropic  substance  a fine  anisotropic  inter- 
mediate disc  is  found,  and  similarly  in  the  middle  of  each 


Fig.  18. — Portion  of  a fresh,  isolated,  transversely  striated  musele- 
fiber  of  man.  X SdO.  The  figure  shows  the  cross-striation  very  dis- 
tinctly. We  recognize  in  the  middle  of  the  anisotroj)ie  median  disc  the 
isotropic  median  disc,  and  in  the  middle  of  the  i.sotropic  substance,  the 
anisotropic  intermediate  disc,  ai,  Anisotropic  substance;  i,  isotropic 
substance;  tiwch,  isotropic  median  disc;  asch,  anisotropic  intermediate 
disc. 

ani.sotropic  segment  there  occurs  an  isotro])ic  median  disc. 
The  fibrillse  are  firmly  united  by  an  interfibrillar  sub- 
stance, and  can  be  recognized  oidy  after  the  use  of 
special  methods. 

The  fibrilko  arc  not  evenly  and  regularly  arranged 
throughont  the  muscle-fiber,  but  are  united  into  groups, 
tlie  .so-called  muHoIe  eolimwti.  'fhe  several  mu.scle  columns 
are  sej)arated  by  sarcojdasm,  the  remains  of  the  original 
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cell  protoplasm,  not  changed  into  fibrillar  substance.  The 
relative  amount  of  sarcoplasm  varies  in  different  muscle- 
fibers,  so  that  the  boundaries  of  the  muscle  columns  are 
Bometimes  more  and  sometimes  less  distinct.  Occasion- 
ally, and  especially  in  the  vicinity  of  the  nuclei,  the  sar- 
coplasm contains  granules,  the  so-called  interstitial  gran- 
ules ; these  are  mostly  fat  and  pigment  granules. 


Fig.  19. — Portion 
•f  a cross-.striated 
aiu.scle-filjer  of  the 
larva  of  a salainan- 
ler  ; thi.s  is  breaking 
3p  into  fibrilhe.  X 
fOO. 


Fig.  20. — Cro.s.s-section  of  a hnman  muscle- 
fiber,  rich  in  sjircoplasm.  X The  figure 

sliows  the  arrangement  of  tlie  mu.scle  columns. 
k,  Nucleus  of  muscle-fiber;  hw,  muscle  column; 
.V,  .sarcoplasm. 


The  disposition  of  the  sarcoplasm  and  the  arrange- 
nent  of  the  mu.scle  columns  are  best  recognized  in  the 
;ros.s-.section  of  the  mu.scle,  iu  which  we  may  recognize  a 
^ivi.sion  into  several  irregularly  outlined  fields  of  different 
uze.s,  known  as  CoJutheim’fi  arean. 

According  to  the  amount  of  sarcoplasm,  we  distinguish 
wo  kinds  of  mu.scle-fibers — .so-called  dark  or  red  fibens, 
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ricli  in  sarcoplasm,  and  light  or.  white  fibers,  which  are 
])oor  in  sarcoplasm.  In  general,  the  rod  fibers  are  foimd 
in  varying  but  small  numbers  scattei’ed  between  the  white 
fibers.  In  certain  animals,  however,  for  instance  in  the 
rabbit,  certain  muscles,  as  for  example  the  semitendinosus, 
consist  entirely  of  the  red  variety  of  fibers,  while  other 
muscles,  as  for  example  the  semimembranosus,  consist 
entirely  of  the  white  variety  of  fibers.  In  many  muscle- 
fibers  of  the  white  variety  the  amount  of  sarcoplasm  is 
so  small  (hat  it  is  difficult  to  distinguish  between  the  sev- 
eral muscle  columus. 

Besides  the  sarcoplasm  found  between  the  muscle  col- 
umns, collections  of  sarco|)lasm  are  found  around  the 
nuclei  <h’  the  muscle-fiber.  The  nuclei  of  cross-striated 
voluntary  muscle-fibers  are  very  numerous.  Long  fibers 
have  hundreds  of  nuclei.  lu  the  great  majority  of  the 
muscle-fibers  all  nuclei  lie  at  the  periphery,  immediately 
under  the  sarcf)lemma,  in  a small  collection  of  sar- 
co])lasm.  They  have  an  elongated,  elliptic  form. 

Jiranched,  cross-striated  muscle-fibers  occur  in  certain 
regions.  The  superficial  muscle-fibers  of  the  tongue, 
especially  the  ends  of  the  fibers  inserted  in(,o  the  mucous, 
membrane,  show  this  peculiarity.  The  branches  show  the 
same  structure  as  the  parent  fiber.  In  the  frog’s  tongue, 
branched  cross-striated  muscle-fibers  are  very  abundant; 
and  complex. 

Cross-striated  muscle  is  very  widely  distributed ; it 
comprises  all  skeletal  muscles,  the  larger  muscles  of  the 
skin,  the  extrinsic  eye  muscles,  the  muscles  of  the  middle 
ear,  portions  of  the  musculature  of  the  digestive  tract 
(tongue,  pharynx,  ])art  of  the  esophagus),  the  larynx,  the 
muscles  of  the  perineum,  of  the  external  genital  organs, 
and  the  sphincter  muscles  of  the  anus.  i 

Heart  muscle  occupies  a special  position,  in  that  it  differs; 
histogenetically  and  physiologically  from  voluntary,  cross-i 
striated  muscle,  and  structurally  both  Irom  non-striated 
muscle  and  from  voluntary,  cross-striated  muscle.  It  is 
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cross-striated,  hut  not  subject  to  the  will.  In  many 
irespects  heart  muscle  resembles  involuntary  muscle  more 
[closely ; it  is,  like  involuntaiy  muscle,  developed  from  the 
mesenchyme,  and  not,  like  striated,  voluntary  muscle, 
from  the  myotonies.  In  many  lower  animals,  as  for  in- 
stance in  the  frog,  heart-muscle  fibers  assume  a distinct 
median  position  between  smooth  and  striated  muscle,  rather 
more  closely  resemliling  the  nou-striated  muscle. 

Heart  muscle,  after  fixation  and  hardening  with  the 
majority  of  the  reagents  in  ordinary  use  in  the  laboratories, 
as  also  after  treatment  with  macerating  fluids,  appears  to 
consist  of  irregularly  shaped  oblong  cells,  possessing 
usually  one,  but  occasionally  two  nuclei,  situated  in  the 
center  of  the  cells.  These  cells  appear  to  be  cemented 
end  to  end  to  form  the  heart-muscle  fibers.  The  cells 
show  irregular  but  short  side  branches,  which  anastomose 
'with  similar  branches  of  neighboring  cells.  The  heart- 
' muscle  fibers  show  a distinct  cross  and  longitudinal  stri- 
ation  and  possess  relatively  more  sarcoplasm  than  do  the 
fibers  of  cross-striated,  voluntary  muscle  tissue.  The  sar- 
coplasm surrounds  the  axially  placed  nucleus  and  forms 
•distinct  se])ta,  which  radiate  from  the  nucleus  to  the 
pcripheiy.  In  this  way  the  muscle  fibrillre  are  arranged 
in  plates,  which  also  radiate  from  the  nucleus  to  the 
periphery.  Heart-muscle  fibers  possess  no  sarcolemma. 
Very  recent  investigations,  which  seem  very  conclusive, 
(make  it  very  doubtful  whether  the  lines  which  have  been 
iregarded  as  the  boniidary  lines  of  cells  are  thus  to  be 
i interpreted,  since  it  has  been  shown  that  they  bound  nou- 
mucleatcd  areas  of  heart  muscle,  and  further  that  the  stri- 
ated contractile  filxirs  pass  through  such  lines  without 
interruption,  although  they  show  sliglit  alteration  in  struc- 
ture and  reaction  toward  staining  reagents.  According  to 
' this  view,  heart  muscle  is  regarded  as  a syucitial  tissue, 
Hhe  .so-called  boundary  lines  representing  growth  areas. 
fOnly  veiy  careful  end)iyologic  investigation  can  tlirow 
! light  on  the  histogenesis  and  histology  of  heart  muscle. 
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PLATE  6.— Muscular  tissues. 

Fig.  1. — Pigmented  Connective=tissue  Cells  from  the  Human 
Iris.  X 420. 

Tlie  iirepiiratiou  was  taken  from  an  e.\-ecuted  individual. 

Tlie  lignre  shows  differently  formed  connective- tissue  cells,  the  pro- 
toplasm of  which  is  lillcd  with  yellowish-brown  and  brown  pigment 
granules. 

Technic;  Chromic  acid  solution  (2  per  cent.).  Hematoxylin-eosin. 

Reference  letter:  k,  Nucleus. 

Fig.  2. — Branched  Cross-striped  Muscle=fibers  from  the 
Human  Tongue.  X ~~<L 

The  preparation  was  taken  from  an  executed  individual. 

The  figure  sliows  several  longitudinally  cut  tongue  muscle-fibers, 
which  fork  at  their  insertion  into  the  fascia  liuguiu. 

Technic:  Miiller’s  Iluid.  Hematoxylin-eosin. 

Reference  letters:  r,  Branchings;  k,  nuclei,  some  of  which  are  seen 
in  surface  view. 

Fig.  :i. — Portion  of  a Longitudinal  Section  through  the 
Human  Heart  Muscle.  X 280. 

The  jireparation  was  taken  from  one  who  had  been  executed. 

The  iigure  shows  a number  of  heart-mu.scle  fibers  with  their  auas- 
tomoscs  in  longitudinal  section;  between  them  is  seen  the  intermu.s- 
cular  connective  tissue  (perimysium). 

Technic:  Zenker’s  solution.  Hematoxylin-eosin. 

Reference  letters  for  Figs.  3 and  4;  r/r.  Boundary  lines  (these  are 
brought  out  too  clearly  in  the  printing);  k,  nucleus;  jua,  perimysium 
internum;  x,  anastomoses. 

Fig.  4.— Portion  of  a Cross-section  through  Human  Heart 
Muscle. 

The  figure  shows  the  variation  in  size  of  heart-muscle  fibers,  the 
axially  ])laced  nuclei  and  the  radially  arranged  muscle  columns. 

Technic  and  lettering  as  in  I'^ig.  3. 


THE  NERVOUS  TISSUES. 

Nervous  tissue,  like  muscle  tissue,  is  highly  differeuti- 
atecl,  both  as  to  the  structure  and  the  I’liuctiou  of  its  ele- 
ments. These  are,  for  purposes  of  descrijition,  ordinarily 
divided  into  three  main  groups  : 

1 . Nerve-cells  or  ganglion-cells. 

2.  Nerve-fibers. 

-3.  Nerve-su])]X)rtiug  ti.s,suc  or  neuroglia. 

It  is  more  correct,  liowever,  to  regard  the  nerve-cells 
and  the  nerve-fibers  as  ]iai’ts  of  the  same  elemeiit,  since 
both  histogeuetically  and  structurally  cousidered  the 
nerve-fibers  arc  processes  of  the  nerve-cells.  The  nerve- 
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cells  with  their  processes,  as  well  as  the  supporting  tissue, 
the  neuroglia,  are  of  ectodermal  origin ; indeed,  they  even 
arise  from  similar  ectodermal  cells,  although  the  support- 
ing tissue,  when  fully  develo])ed,  is  in  many  respects  sim- 
ilar to  connective  tissue.  The  essential  portions  of  the 
nerve-tibers,  the  axis-cylinders  or  neuraxes,  develop  only 
as  processes  of  the  nerve-cells,  even  when  they  attain 
great  length.  In  their  course  outside  of  the  central  ner- 
vous system  the  neuraxes  are  surrounded  by  special  sheaths, 
which,  with  the  neuraxes,  constitute  the  nerve-fibers.  In 
this  discussion  we  shall  follow  the  above  classification  and 
treat  the  nerve-fibers  separately.  The  nerve-cells  and  the 
axis-cylinder  processes  or  neuraxes,  the  main  constituents 
of  the  nerve-filicrs,  accordingly  form  together  the  anatomic 
units  of  the  nervous  system,  the  so-called  neurones.  A 
neurone,  therefore,  consists  of  (1)  the  nerve-cell  or 
ganglion-cell  with  its  j)rotoplasmic  branches,  the  dendrites 
(see  page  72) ; (2)  the  neuraxis  with  its  collaterals;  (3) 
the  terminal  branching  of  the  neuraxis. 

The  “neurone  concept”  of  the  nervous  system  is  now 
very  generally  accepted.  Jiy  it  is  meant  that  the  nervous 
tissues,  like  the  other  tissues  of  the  body,  are  composed  of 
anatomic  units  (cells),  which  are  mor])hologicallv,  patho- 
logically, and,  to  a certain  extent,  ])hysiologically  iiide- 
jK'udent  of  each  other.  The  neurones  come  into  relation 
with  each  other  only  by  contad.  Jlc(!ent  observations 
have  thrown  some  doubt  on  the  validity  of  this  doctrine; 
in  the  strict  sense  it  can  no  longer  be  supjxu’tcd,  since 
anastomoses  of  the  terminal  arborizations,  and  even  of 
ganglion-t;clls,  have  been  shown  beyond  (picstion. 

Nerve-cells  occur  in  the  central  nervous  system,  espe- 
cially in  its  gray  matter,  in  (tertaiu  sense  organs,  as  in  the 
retina  and  olfactory  membrane,  in  tin;  plexuses  and  ganglia 
of  the  cercbro-spinal  and  sympathetic  nervous  systems. 

Thc/o/7/t  of  the  ganglion-cells  is  very  vai'iabh' ; yet  in 
many  regions  then;  are  found  nerv(>-cclls  of  fixed  and 
characteristic  morphologic  ap[)carancc,  as  in  the  brain 
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centers  and  especially  in  the  cerebellum.  Some  eharac- 
teristic  forms  are  limited  exclusively  to  certain  parts  of 
the  nervous  system.  Resides  the  spherical  cells  of  certain 
of  the  perij)heral  gan[>lia,  many  kinds  of  polygonal  cells 
are  found  with  many  forms  of  processes. 

The  ganglion-cells  in  general  are  large  cells  rich  in 
]-»rotoplasm,  being  among  the  largest  cells  of  the  body. 
Only  a few  varieties  are  small  and  have  a small  amount 
of  protoplasm.  Oanglion-cells  consist  of  protoplasm  pi’ob- 
ably  not  bounded  by  a cell  membrane  and  possess  a very 
characteristic  nuekMis. 

Tlie  UKclaoH  of  ganglion-cells  is  relatively  large  and  is 
almost  without  exception  spherical.  It  is  })oor  in  chroma- 
tin and  especially  shows  very  few  distinct  chromatin 
libers,  on  account  of  which  it  has  a clear,  vesicular  appear- 
ance. Almost  invariably  it  contains  a large,  distinct 
nucleolus. 

The  '])rot()])la.wi  of  ganglion-cells  is  unusually  com})lex 
and  the  investigations  on  this  subjeef  are  not  yet  com- 
plete. From  it  arise  a varying  number  of  processes. 
Fadi  ganglion-cell  has  at  least  one  ju’ocess,  the  axis- 
cylinder  process  or  ncimixis,  which  arises  from  the  cell 
either  directly  or  by  means  of  a so-called  implantation 
cone.  After  giving  off  some  collateral  branches,  this  gen- 
erally b(‘(;omes  at  once  a nerve-fiber,  which  is  usually 
medullatcd.  Occasionally,  however,  the  neuraxis  divides 
at  once  after  leaving  the  cell  into  its  terminal  arborization 
without  first  becoming  a part  of  a nerve-fiber.  Nerve- 
cells  possessing  a neuraxis  of  this  type  are  known  as 
Golyi’s  cells  or  ganglion-cells  of  the  second  ty])C.  In  addi- 
tion to  the  neuraxes,  which  have  few  bi'anches,  most 
ganglion-cells  ha\a' a number  of  so-called  dendrites;  these, 
and  especially  the  larger  ones,  are  direct  continuations  of 
the  proto])lasin  of  the  cell  and  show  all  the  characteristics 
of  the  ])roto]fiasrn  of  ganglion-cells.  The  dendrites  always 
branch  and  generally  form  an  ('xtensive  arborization  which 
can  scarcely  be  followed  to  its  end.  M'^e  will  mention 
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here  only  two  functionally  important  constituents  of  the 
ganglion-cell  : First,  its  fibrils,  ealled  neuvofibrilH.  These 
form  a network  in  the  body  of  the  ganglion-cell  and 
extend  into  the  processes  of  the  cell,  and  not  simply  into 
the  nerve  processes,  but  also  into  the  dendrites.  They 
form  the  conducting  part  of  the  nerve-fibers.  In  the 
.second  place  there  ai’e  found  in  the  cell-bodies  of  neai'ly 
all  ganglion-cells,  especially  in  the  bodies  of  the  larger 
ones,  clusters  of  granules  of  different  form,  which  stain 
readily  in  certain  basic  dyes,  and  are  known  as  NiftsPs 
bodies  or  the  tu/roid  siib.dancc.  They  are  (piite  large 
structures,  irregularly  polygonal  and  often  elongated  and 
even  spindle-shaped,  and  can  be  easily  recognized  under 
moderate  magnification.  They  occur  in  the  different 
ganglion-cells  in  varying  number  and  size,  and  appear  to 
vary  according  to  the  functional  activity  of  the  cell  and 
to  undergo  changes  in  certain  pathologic  conditions.  The 
Xissl  bodies  are  also  found  in  the  larger  dendrites.  It 
should  be  stated  that,  according  to  the  views  of  some 
authors,  the  Xissl  bodies  are  not  found  in  the  living 
ganglion-cell,  but  ari.se  only  after  death.  As  they  can, 
however,  be  recognized  in  fresh  preparations  of  the  cen- 
tral nervous  .system,  this  is  very  improbable. 

Larger  gjinglion-cells,  esj)ecially  the  giant-cells  of  the 
lower  animals  (as  many  fishes),  'wliich  are  recognized  with 
the  unaided  eye,  contain  jicenliar  canals  in  the  protoplasm. 
In  the  giant  nerve-cells  of  many  fishes  true  capillaries  an* 
found;  in  others,  the  canals,  which  are  much  smaller  and 
narrower,  appear  to  be  intracellular  lym|di-canals  orcanal- 
icidi.  Among  these  an;  the  so-called  Jlolmgreen  canals 
and  the  reticular  apparatus  of  Golgi. 

The  main  forms  of  nerve-cells  are  the  following  (given 
more  in  detail  in  the  chapter  on  the  Central  Nervous  Sy.s- 
tem,  page  Oo) : 

1.  Sjjli/>rifaJ  f/anr/lion-eells  vdthoxd  dendrites  and  with  one 
nmraxis,  sf)-called  anipotar  cells;  after  leaving  the  cell, 
however,  the  neuraxis  undergoes  a T-^haped  division,  so 


74 


THE  TISSUES. 


PLATE  7-— nerve-cells. 

Fig.  1. — Two  Isolated  Multipolar  Ganglion=cells  from  the 
Human  Spinal  Cord.  X P’0. 

'riie  lignro  sliows  two  isolated  ganglion-cells  of  the  spinal  cord,  with 
richly  hranching  dendrites;  the  nenra.ves  (X)  have  been  torn  away. 

Technic;  Isolation  in  weak  chromic  acid  solution.  Carniin. 

Fig.  2. — Two  Multipolar  Ganglion -cells  from  the  Lumbar 
Enlargement  of  the  Spinal  Cord  of  a Child.  X 1^0. 

The  ])rc])aration  was  taken  from  a still-horn  child. 

T'he  iigurc  .shows  the  ccll-hody  and  the  roots  of  the  dendrites 
of  two  ganglion-c;ells.  The  ))rotoiilasm  of  the.se  contains  numerous 
intensely  stained,  irregular  granules  (tigroid  substance). 

'rechnic:  Absolute  alcohol.  Methylenc-blue  according  to  Ni.ssl. 

Reference  Ictte.i-s:  /I,  Dendrite;  K,  nucleus;  t,  tigroid  substance. 

Figh.  ll-f). — Three  Cells  from  a Human  Spinal  Ganglion. 
X hlO. 

T'he  I’reparation  was  taken  from  one  who  had  been  executed. 

T'he  iigure  shows  three  sjiherical  cells  of  dilTerent  sizes,  -with  their 
nucleated  cajisules.  One  cell  contains  yellowish-brown  pigment. 

Technic:  Zeidicr’s  solution.  1 leniatoxylin-eosin. 

Iteferencc  letters:  bJI,  connective-tissue  capsule;  p,  ])igmcnt. 


tliilt  llic  cells  are  really  bipolar.  Tlii.s  cell  form  is  found 
ill  the  scii.sory  cranial  franoliu  and  the  spinal  ganglia. 

2.  Spherical  or  nearly  spherical  cells  with  one  dendrite 
and  one  neurctxis  arising  from  opposite  ends  'of  the  cell, 
.so-called  bipolar  cells.  They  are  Ibnnd  in  the  retina  in 
the  inner  granular  or  ganglion-cell  layer  and  in  the 
ganglia  of  the  acon.stic  nerve. 

S.  S])heric(d  or  nearly  spherical  cells  with  one  nmraxk 
and  several  short,  line  dendrites  which  can  be  demonstrated 
only  by  the  help  of  special  methods — multipolar  cells. 
They  are  found  as  the  chief  con.stitnents  of  the  sympa- 
thetic ganglia.  When  stained  after  methods  which  do 
not  bring  out  the  dendrites,  these  cells  re.semble  the  cells 
of  the  s})inal  ganglia. 

4.  Large,  irregularly  shaped  to  .short  sjiindle- 

sha])ed  multipolar  ganglion-celh,  with  one  neuraxm  and 
several  dendrites  which  ])ass  in  all  directions  from  the 
c(>ll.  To  this  class  belong  the  mnlti])olar  cells  of  the 
spinal  cord,  of  the  medulla  oblongata,  of  the  .so-called 
central  gray  nuclei  and  other  portions  of  the  brain. 
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5.  JTulfipnInr  ganc/lion-celh  of  regular  form  with  one 
neuraxis  and  with  dendrites  wliich  arise  from  the  cell- 
body  in  a manner  which  is  cliaracteristic  for  the  form  of 
the  cell.  The  main  representatives  of  this  group  are  tlie 
pyramidal  cells  of  the  cerebral  cortex  and  the  Purkinje 
cells  of  the  cerebellum. 

6.  Small  m ultipolar  cclk  loitli  different  forms  of  dendrites, 
as  certain  cells  of  the  granular  and  molecular  layers  of 
the  cerebellum,  some  cell  forms  of  the  cerebral  cortex, 
and  others. 

7.  The  multipolar  Golgi  cells,  which  have  already  been 
mentioned  and  which  are  characterized  by  the  peculiar 
behavior  of  their  nefuraxes. 

(b)  Nerve-fibers. — The  chief  constituent  of  all  nerve- 
fibers  is  the  neuraxis  of  the  nerve-cell,  which  forms  the 
so-called  axis-cylinder  of  the  nerve-liber.  Each  nerve- 
fiber  must  therefore  have  an  axis-cylinder.  Some  nerve- 
fibers  consist  of  naked  axis-cglinders  (fibers  of  the  olfac- 
tory nerve).  The  axis-cglinder  has  a distinctly  fibrillar 
structure  (neurofibrils)  and  ap])cars  in  the  form  of  a 
larger  or  smaller  cylinder  or  band  in  the  center  of  the 
fiber,  running  uninterruptedly  its  whole  length.  The 
neurofibrils  are  united  by  an  interfibrillar  substance,  the 
noiroplasm.  This,  the  conducting  portion  of  the  fiber, 
is  surround(!d  by  the  medullary  sheath  and  the  sheath  of 
Schwann  or  the  neurilemma.  The  origin  of  the  former 
is  doubtfid,  but  the  latter  is  of  mesenchymal  origin. 

Mf)st  of  the  cerebro-s])inal  fibers,  aixl  hence  most  of  the 
nerve-fibers  of  the  body,  possess  both  medullary  sheath 
and  neurilemma  outside  of  their  course  in  the  central 
nervous  system,  but  within  this  only  a medullary  sheath. 
These  nerve-(il)crs  are  call(Ml  medullated  and  also,  on  ac- 
count of  their  app(!aranee  in  the  fn'sh  condition,  dai'k-boi-- 
der(!(l  or  donblv  contoured  lilnu's.  'I’liey  are  of  very  varia- 
ble size,  varying  between  1 //.  and  20//.  In  contrast  to 
thes(‘  we  have  non-medultated  fibers,  also  known  as  pale 
or  liemak’s  libers,  which  consist  only  of  axis-cylinder  and 


76 


THE  TISSUES. 


neurilemma;  tlie  latter  is  especially  delicate  in  non-medul- 
lated  fibers.  They  occur  especially  in  the  sympathetic  sys- 
tem and  to  a less  extent  in  the  realm  of  the  central  nervous 
system.  The  medullanj  sheath  shows  interruptions  at  reg- 


Fig.  21. — Portion  of  a medul- 
lated  nerve-fiber  from  man.  X 
375.  Tlie  figure  shows  a node 
of  Itanvier  of  the  medullary 
sheath.  Lantermann’s  segments 
may  also  be  recognized,  m,  Med- 
ullary sheath  ; sch,  node  of  Kan- 
vier. 


(I 


Fig.  22. — Portion  of  a human 
medullated  nerve-fiber.  Nucleus 
and  axis-cylinder  stained  with 
carmin.  X 375.  a,  Axis-cylin- 
der ; k,  nucleus ; m,  medullary 
sheath  ; ?i,  neurilemma. 


ular  intervals.  These  appear  in  the  form  of  rings,  the 
so-called  nodes  of  Ranvier.  At  the  nodes  the  medullated 
nerve-fiber  consists  otily  of  axis-cylinder  and  neurilemma, 
since  the  latter  bends  in  to  the  axis-cylinder,  which  here 
shows  a biconical  enlargement. 
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X(xU*s  of  Riinviei'  are  found  at  rcg'ular  intervals,  vary- 
ing in  diiferent  fillers,  but  in  general  the  interval  is  greater 
in  large  fibers  than  in  small  ones.  The  nodes  are  always 
found  at  the  point  of  division  of  a mednllated  nerve-tibei’. 
The  portion  of  a fiber  between  two  nodes  is  called  an  in- 
ternodal  segment.  In  large  fil)ers  the  segments  measure 
about  1 mm.,  while  in  small  fibers  they  are  0.1  mm.  and 
even  less. 

The  mcfhdla  or  mi/elin  of  the  mednllated  nerve-fiber,  the 
constituent  of  the  medullary  .sheath,  is  a substance  which 
refracts  lio;ht  strono'lv  and  is  .similar  to  fat;  like  the  latter, 
it  is  blackened  by  osmie  acid.  It  is  very  .sensitive  to 
reagents.  Mdth  nearly  every  fixing  method  the  medullary 
sheath  has  a different  appearance  in  microscopic  pre[)ara- 
tions.  Certain  portions  of  the  medullary  sheath  can  be 
differentially  stained,  after  the  use  of  special  methods  of 
fixation.  The  Weigert  stain  for  medullary  sheaths  is 
ba.sed  on  this  priuci[)le. 

In  tlie  living  nerve  the  medullaiy  .sheath  is  cpiite  homo- 
gemeous,  but  readily  changes  and  presents  segments  sepa- 
rated from  each  otlicr  by  clear  fi.ssnres  which  are  oblicpiely 
|)lac(;d.  These  segments  are  known  as  8chmidt-Lantcr- 
mann  .segments  and  are  also  visible  in  nerves  after  treat- 
ment with  osmie  acid.  Their  significance  is  not  known; 
it  is  quite  |)rol)able  that  they  arc  artefacts.  On  the 
death  (»f  the  nerve-fiber  the  my('lin  undergoes  coagulation 
elianges,  resulting  in  the  formation  of  globules,  e.specially 
at  the  broken  end  of  the  fiber. 

The  .sheath  of  Hehwann  (neurilemma)  is  a thin,  structure- 
less membrane  of  connective-tissue  origin,  which  contains 
a few  long  nuclei  within  a relatively  large;  amount  of 
protoplasm.  The  nuclei  arc  found  on  tin;  inner  surface;  e>f 
tlie  neurilemma  auel  eenly  one  nucleus  falls  within  e'ach 
intcrneeelal  segment.  The  nuclei  of  tlic  segmemts  alternate 
in  their  peesitieen.  The  nou-nu“ehd late'el  nervc'-fibe-r.s,  with 
tlie  exceptiem  of  tliei.se  eif  the  eilfactory  nerves  which  elo 
not  have  special  sheaths  of  Schwann,  but  buuellcs  eif  which 
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Fig.  21}. — Portion  of  a cros.s-scction  of  the  spinal  cord  of  a new-born 
child,  treated  by  the  Golgi  method.  X l~b-  The  figure  embraces 
tlie  region  l)etween  the  central  canal  and  the  base  of  the  anterior 
median  li.s.surc  and  shows  the  condition  of  the  ependyma  cells  and 
their  processes,  as  well  as  two  astrocytes.  A,  Astrocyte  Avith  long 
l)roce.s.ses;  rj>,  ependyma,  single  cells,  with  processes  blackened;  fma, 
base  of  the  anterior  median  fis.snrc. 

h’ig.  21. — Two  shoi’t-raycd  astrocytes  from  the  gray  substance  of  the 
cerel)ral  corte.x  of  man.  (iolgi’s  silver  method.  X ‘~b0.  The  figure 
.shows  two  typicjd  glia  cells  of  the  .short-rayed  type.  Golgi  method. 
C,  ('ai)illary. 

I'^ig.  25. — 'Pwo  long-raycul  astrocytes  from  a section  through  the 
medulla  oblongata  of  a new-born  child.  X ^10. 


ndjiiii  .sjx'ciul  connect ive-tissue  sheaths,  consist  only  of  the 
axis-cylinder  iind  the  nenvilennna,  which  is  especially  thin 
find  dcliciite.  ddieir  strnetnrc  is,  therefore,  the  same  as 
that  of  tlic  nu'dnlliited  (il)ers,  except  that  the  medullary 
sheath  is  laclvinfr.  (S(!c  Plate  17,  Fig.  2.) 

(c)  The  Neuroglia. — The  vcuroglla,  the  supporting 
tissue  of  the  nervous  .system,  is  found  only  in  the  central 
nervous  sy.stem  and  in  the  optic  chiasm,  optic  nerves  and 
retina,  and  olfactory  nerves.  Owing  to  the  fact  that  of 
the  sevci’id  niethods  now  at  hand  for  staining  neuroglia 
ditfercntifilly,  no  two  give  identical  results,  the  views  con- 
ceniing  this  ti.ssne  are  .still  at  variance.  Tlie  investigation 
of  the  neuroglia  is  further  rendered  more  diffieidt  by  the 
fact  that  it  occurs  in  a ])iir('  form  in  only  a few  jdaces,  hut 
is  generally  a.ssociated  with  nerve-cells  and  nerve-tibers. 
In  tis.snc  treated  by  the  chrome-silver  method  of  Golgi,  all 
neuroglia  elements  appear  as  cells  with  'processes,  the  cells 
and  processes  forming  the  framework  of  the  central 
nervous  system. 

In  ti.ssnes  treated  after  the  complicated  differential  stain- 
ing methods  deVeloj)ed  by  Weigert,  Mallory,  and  Benda, 
the  neuroglia  ap])ears  in  the  form  of  independent  tibrils, 
which  are  distinguished  from  the  fibrils  of  fibrous  eonuectivc 
fi.ssuc  by  their  chemical  reaction,  and  which  are  cither 
entirely  sepamted  from  the  neuroglia  cells,  or  ])a.s.s  through 
the  protoplasm  of  the  latter.  It  is  probable  that  originally 
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all  neurojrlia  fibers  are  formed  in  and  by  the  protoplasm 
of  neuroii'lia  cells  and  later  become  independent  of  the  cells. 
Investigators  who  have  made  use  of  the  chrome-silver 
method  of  Golo’i  in  their  study  of  the  nenroolia  reach  the 
following  conclusions:  They  distinguish  two  essentially 

ditferent  cellular  elements  of  the  neuroglia:  (1)  The  so- 
called  cpendiiina  cells,  cubic  to  cylindric  epithelial  cells 
which  Hue  the  cavities  of  the  central  nervous  system;  (2) 
stellate  cells,  the  so-called  spider  cells  or  astrocytes. 

Of  all  the  elements  of  the  central  nervous  system,  the 
ependyma  cells  are  the  least  difterentiated,  retaining  their 
embryonal  character  longest.  In  preparations  of  the  spi- 
nal cord  treated  after  the  ordinary  staining  methods,  these 
elements  aj)pear  as  sim])le  columnar  cells,  now  and  then 
showing  cilia.  After  the  use  of  the  Golgi  method  we  rec- 
ognize that  each  ependymal  cell  has  a long  ju’ocess  which 
divides  many  times  and  in  the  embryonal  condition  extends 
to  the  surface  of  the  spinal  cord.  This  character  of  the 
ependyma  cells  is  most  distinct  in  the  spinal  coi’d,  and  the 
proce.sses  of  the  cells  extend  to  the  base  of  the  anterior 
median  fissure  and  to  the  ])osterior  septum. 

riu*  spider  cells  or  the  astrocytes  of  the  neuroglia  are 
characterized  by  numerous  fine,  either  branched  or  un- 
branched ])roccs.ses.  The  astrocytes  are  found,  not  like 
the  (‘pendyma  cells,  limited  to  certain  regions  of  the  central 
nervous  .system,  hut  are  very  generally  distributc'd  through- 
out the  gray  and  white  matti'r  of  the  central  nervous  .sys- 
tem, the  optic  and  |)ortions  of  the  olfactory  nerves.  They 
originate  |)artly  from  the  ependyma  cells  which  wander  to- 
ward the  j)eri|)hery,  |)artly  from  otluT  still  undilferentia- 
ted  cells  of  the  end)ryonal  central  nervous  system,  so- 
called  spongioblasts.  All  glia  cells  lie  oi'iginally  in  what 
is  later  the  gray  matter  and  reach  the  white  matter  only 
.secondarily. 

The  astrocytes  are  divided  into  tho  short-rai/cd  or  as- 
trocytes with  a few  .short  branching  ])rocesses,  and  long- 
rayed  astrocytes,  which  have  many  fine,  long  processes, 
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nearly  or  quite  unhranclied;  the  two  types  of  glia  cells, 
however,  are  not  sharply  separated  from  each  other.  The 
former  occur  only  iu  the  gray  substauce,  the  latter  iu  both 
the  gray  and  the  white  sul)stauce.  Iu  course  and  arrauge- 
meut  their  jirocesses  are  litted  to  their  eiiviroumeut.  Their 
long  processes  often  form  dense  networks.  Many  short- 
rayed  astrofiytes  appear  related  to  the  blo(,)d-vessels  (capil- 
laries) of  the  central  nervous  system,  presenting  an  appear- 
ance as  though  inserted  into  the  wall  of  the  vessels. 

J nv('stigators  who  have  made  use  of  special  methods 
for  din’erentially  staining  the  neuroglia  have  found  that 
what  a[)pear  as  processes  of  the  ependyma  cells  and  astro- 
cytes are  in  reality  sharply  contoured  (ibers,  which  are 
either  wholly  inde])endent  of  the  neuroglia  cells  or,  if  in 
ndalion  with  the  ])rotoplasm  of  the  cells,  pass  through  it 
without  losing  tlieir  identity  and  without  sutfering  inter- 
ru])tiou.  In  such  preparations  it  may  be  seen  that  the 
neuroglia  Hl)ers  pass  over  and  under  and  along  the  sides 
of  the  neuroglia  cells,  often  following  protoplasmic  jn’o- 
cesses  of  the  cells,  but  are  in  no  way  continuous  with  the 
|)r()toplasm  of  the  neuroglia  cells.  This  view  of  the  struc- 
ture' of  neuroglia  tissue  is  more  in  accord  with  the  recent 
investigations  on  this  subject. 
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(B)  THE  MICROSCOPIC  ANATOMY  OF 
THE  ORGANS. 

I.  THE  SKELETAL  SYSTEM. 

Under  the  skeletal  system  we  sliall  consider  the  bones, 
the  joints,  and  the  ligaments. 

Daring  life  the  bo)ies  consist  not  only  of  osseous  tissue, 
hut  also  of  soft  parts.  The  constitueuts  of  bone  are  as 
follows  : 

1.  Osseous  tissue — (a)  compact,  (/>)  spongy. 

2.  The  osseous  membrane  or  the  periosteum. 

3.  The  bone-marrow — (u)  red,  (6)  yellow. 

4.  The  articular  cartilage. 

5.  Blood-vessels  and  nerves. 

The  osseous  tissue  forms  the  main  mass  of  the  entire 
bone  and  shows  a characteristic  arrangement.  It  is  classi- 
fied under  the  connective  tissues,  and  especially  under  that 
group  which  is  charac-terized  by  the  struclureand  arrange- 
ment of  its  ground  snbstance.  The  ground  .mhdance  of 
l)one  is  hard,  as  a result  of  the  lime  salts  deposited  in  it 
(calcium  phosphate,  calcium  carbonate,  and  some  calcium 
fliiorid).  The  lime  salts  are  distributed  in  tlie  ground  sub- 
stance in  the  form  of  molccadcs  and  are  not  recoirnizable 
by  oj)ticaI  means.  It  is  thought  that  the  lime  salts  are 
deposited  in  the  g(‘latin-yiclding  fibrils  of  the  ground  sub- 
stance, as  well  as  in  the  interlibrillar  snbstance.  Owintr 
to  this  intimate  relation  of  ground  sul)stance  to  the  min- 
envl  .salts,  a bone  which  has  l)cen  macei'ated  or  even  burned, 
that  is  deprived  of  all  its  organic  constituents,  has  the 
same  fl)rm  that  it  woidd  have  had  if  it  had  been  dec^alci- 
fied  or  de])rived  of  its  ealciiim  salts.  In  consetpienee  of' 
thi  s we  can  investigate  the  structure  of  bone  in  preparations 
of  deealeitied  and  of  macerated  bone. 

The  celhdar  elements  of  osseous  tissue,  known  as  honr- 
ceUx,  or,  according  to  the  older  designation,  bone  corpiuscles, 
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lie  in  spaces  of  the  grouiKl  substance,  the  so-called  honc- 
space.'i  or  hmmce.  The  latter  are  most  easily  seen  in  thin 
pieces  of  macerated  bone.  In  such  pre])arations  the 
lacume  are  tilled  with  air  and,  under  the  microscope, 
appear  black  in  transmitted  light  and  white  in  reflected 
light.  The  laeuiiic  are  elongated,  flattened  spaces,  from 
which  tine  canals  ])roceed,  the  canallciUi.  The  canalicnli 
of  neighboring  spaces  anastomose  wnth  each  other.  The 
/jonc-cr/l.'i  are  found  in  the  lacuna)  and  assume  the  shape  of 
the  spaces  in  which  they  are  found.  They  send  j)roeesses 
into  the  eanalienli  into  which  they  jirobably  extend  but  a 
short  distance.  It  is,  however,  ditlicnlt  to  make  a positive 
statement  (ionecrning  this  point.  In  the  earlier  stages  of 
boiu'  development  there  are  undoubted  anastomoses  of 
neighboring  cells,  but  later  probably  not. 

( ■ompaet  as  well  as  spongy  bone  consists  of  lumellce. 
In  the  spongy  bone  these  show  no  regtdar  arrangement, 
while  in  the  (!oni])act  bone  there  is  a very  typical  arrange- 
liient  of  the  lamellic,  dependent  on  the  arrangement  of  the 
h/()od-ve.m’l.s  of  the  bone.  The  medium-sized  and  small 
blood-vessels  run  in  canals,  known  as  the  Haversian  canah. 
d'lie  gnsater  ])ortion  of  (iompact  bone  consists  ot  lamella) 
of  ground  substance  arranged  concentrically  around  these 
canals;  the  lamella)  are  known  as  the  Haversian  lame/kv. 
The  laennte  lie  at  the  boundaries  of  two  lamella),  so  that 
the  long  axis  of  the  cell  or  lacuna  coincides  with  that  of 
the  Haversian  canal,  the  canalicnli  passing  through  the 
snbstaiHie  of  the  lamella  to  the  next  row  of  lacuna).  1 he 
innermost  row  of  lacuna)  is  united  by  (canalicnli  with  the 
Haversian  canal  itself;  the  laenme  arc  here  very  much 
curved  to  correspond  with  the  course  ot  the  lamclhe, 
especially  when  small  Haversian  canals  are  involved. 
The  lacuna;  of  neighboring  lamellic  nsnally  alternate. 

Besides  the  Haversian  lamella),  we  distinguish  two 
other  systems  of  lamclhe:  (1)  Those  which  run  parallel 
to  the  inner  and  outer  surfaces  of  the  bone,  the  so-called 
f/rcMnd  lamel/ce  or  eirenmferential  lamella; ; (2)  those  which 
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Fig.  2C>. — Portion  of  a cross-section  of  a metacarpal  hone  of  man. 
X figure  .sliows  tlirec  Haversian  canals  with  the  lamelkc 

i belonging  to  them.  The  lacuna;  and  canaliculi  are  ea.sily  recognized. 


t Tun  between  the  Haversian  systems  without  relation  to 
I them,  but  frequently  parallel  to  the  ground  lamellte,  the 
interstitia/  lame/ke.  In  sections  of  decalcilied  bone  or  in 
ground  preparations  of  macerated  bone,  cut  Haversian 
lamellte  are  met  with,  which  may  be  confused  with  the 
interstitial  lamellte.  This  very  regular  arrangement  of 
bone  substance  into  lamellte  with  interlamellar  cell-spaces 
is  not  present  in  very  thin  layers  of  bone,  as  for  instance 
in  the  cementum  of  the  tooth,  where  the  cell-spaces  have 
an  irregular  arrangement. 


Occasionally  .soim*  of  the  ground  hmuilte  are  lacking, 
so  that,  for  insttince,  the  Iliivcrsian  lamellte  tire  joinccl 
directly  to  the  periostenm.  The  larger  blood-ves.sels  of 
bone  lie  in  canals  which  show  no  concentric  lamellar 
sy.stems.  diiese  arc  ctilled  Volhuami^n  canak.  They 
gnidually  chtinge  into  the  J lam-.Hlan  canak  surrounded  by 
lamelltir  sy.stems,  without  any  definite  line  of  demarcation. 
In  the  neighborhood  of  the  iieriosleum  the  external  cir- 
eumfercntial  lamellte  sliow  uncalcilicd  connective-tissue 
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Fig.  27.— Fortion  of  a cros.s-section  of  a decalcified  Imman  radius. 
X -18.  The  figure  shows  the  lamellar  systems  of  compact  bone,  as 
well  as  some  traheculaj  of  spongy  bone,  ngl,  External  ground  lani- 
ellic  ; ////,  internal  ground  lamelhe  ; il,  interstitial  lamellm  ; M,  Haver- 
sian lamcllic  ; p,  periosteum  ; sp,  trabecuhc  of  spongy  bone. 


(ilx'rs  IVom  the  periosteum,  wliieli  penetrate  the  lamellte 
transversely  or  oblicpiely  and  are  known  as  Sharpens 
jiherff. 

'Idle  pcriodcum.  consi.sts  of’  fibrous  eonnective  tissue.  It 
is  divided  into  an  external  fibrous  layer  which  is  rich  in 
blood-ves.sel.s,  but  contains  few  cells,  and  an  inner  cellular| 
layer  eontainiiifr  few  fibers  and  blood-vessels.  The  latter! 
layer  of’ten  contains  osteoblasts  (see  page  87). 

The  aiiicalar  cartilages  arc  usually  of  the  hyaline  variety 
(see  page;  40). 

'riie  Ugavienbi  are  fibrous  structures  consisting  of  dense) 
white  fibrous  couneetive  tissue,  with  the  exception  of  cer-i 
tain  ligaments  (nuelue,  subHava),  which  are  composed  of’ 
elastic  fibers.  The  symphyses  or  sutures,  on  tlie  other 
hand,  consist  of  very  loose  eonnective  tissue.  The  labra 
glenoidolia  are  not  composed  of  hyaline  cartilage,  but  con- 
sist of  very  dense  fibrous  connective  tissue,  which  often 
shows  the  struetuie  of  white  fibro-cartilage.  The  joint 
ca])sules  and  tendon  sheaths  consist  of  two  layers — an 
external  fibrous  layer  of  dense  fibrous  tissue,  and  an  innerL 
synovial  stratum,  which  is  lined  on  its  inner  .sui’face  by" 
endothelial  cells,  though  these  are  not  always  in  a contin- 
uous layer  (see  page  42). 

The  bone-marroio  is  divided  into  two  classes — the  rod 
and  the  yellow.  In  the  adult,  the  yellow  marrow  pro-) 
dominates  in  the  marrow  canals  and  larger  marrow  spaces! 
of  the  long  bones.  It  consists  mostly  of  adipose  tissue. 
The  red  bone-marrow  is  found  in  the  smaller  marrow 
.spaces  of  spongy  bone  and  is  very  rich  in  blood-vessels; 
the  capillaries  are  partly  devoid  of  endothelial  walls.  The 
red  bone-marrow  consi.sts  of  a delicate  reticulum  of  white 
fibrous  and  reticular  connective  tissue,  in  the  meshes  of 
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; licli  arc  found  lyni|ilioc}’tes  and  leukocytes,  myelocytes, 

I tnt-cel/.'i,  and  the  deivlopmenkil  forms  <f  red  blood-eells 
i te  page  62). 

* The  blood-vessels  of  hone  are  distrihuted  jiartly  in  the 
‘ Tiosteum ; others  penetrate  through  the  nutrient  canal  to 
e bone-marrow.  In  the  bone  substance  the  larger  ves- 
■.s  lie  in  the  Volkmann’s  canals,  the  smaller  ones  in  the 
{iversian  canals.  The  lym])h  j)aths  begin  with  the  peri- 
llular  spaces  of  the  laeinue  and  canalieuli  of  bone  and 
litinue  as  pcrivasenlar  s})aces  following  the  blood-vessels. 
The  nerves  of  bone  are  found  princij)ally  in  the  perios- 
im,  where  they  terminate  as  free  sensory  endings  or 
tcinian  corpuscles.  Vasomotor  fibers  accompany  the 
ood-vcssels  to  the  bone-marrow.  The  bone  substance 
4jlf  is  devoid  of  nerves. 

BONE  DEVELOPMENT. 

The  embryonal  anlagen  of  the  osseous  skeleton  arc 
irtly  of  hyaline  cartilage  and  ])artly  c)f  white  fibrous 
imective  tissue.  Ac(!ordiugly  we  distinguish  bone  pre- 
rmed  in  cartilage  or  (Midochondral  bone,  and  ])rimary 
<1  secondary  connective-tissue  boiu',  also  known  as  intra- 
:‘inbrauous  bone. 

The  ju’oeess  of  bone  dcvelopmenl  in  the  bones  jnrfornu'd 
earldaf/c  is  the  mon?  cotn plicated,  because  in  this,  two 
oeesses  are  taking  ])laee  at  the  same  time:  first,  that  of 
?riehondr(d  f)ssifieation,  which  originates  from  the  jxM-i- 
ondriurn  of  the  cartilaginous  aidagen  of  the  skeleton  ; 
d .second,  the  endoehovdnd  ossification.  The  latter  takes 
lice  in  the  cartilaginous  aidagen  of  the  skeleton  and  is 
ooinpanied  by  the  breaking  down  of  the  cartilage.  With 
gard  to  the  manner  of  bone  formation  the  two  jiroeessi's 
R essentially  the  same;  neverthele.ss,  the  result  of  the 
me  formation  in  eudochomlral  ossification  gives  a dis- 
ictly  different  |)icturc  from  that  in  pci'ichoudral  o.ssifica- 
)ii,  so  that  the  os.seoiis  tissue  arising  from  endoehondi'al 
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PLATE  8— Bone  development. 

Longitudinal  Section  of  the  Last  Two  Phalanges  of  a 
Finger  of  a Five-month  Human  Embryo.  X ir>. 

Ttie  ligiiro  sliows  the  (listiuction  bi'twecn  the  i>roceHses  of  endo- 
(diondral  and  i)crielmndnil  ossilicjition.  Bono  tissue  ai)pears  red,  caH 
tilage  l)i’ight  l)lue,  e.aleilied  cartilage  dark  blue.  Tiie  epijdiyses  are) 
still  entirely  cartilaginous. 

'recbnic : Miiller’s  fluid  with  formalin.  ] lenmto.xylin-eosin. 

Hefenmce  letters  ; cK,  Endocliondral  bone  with  remains  of  calcified; 
cartilage  matrix  ; Kii,  cartilage  ; marrow  s|iace  with  marrow-ecll^ 
and  bloo(l-ves.sels  ; j>K,  perichondral  or  intramembranous  bone. 


ossific-ittioii  is  ottsily  to  ho  (li,stinjrtiislio<l  from  that  arising 
hy  i)('ridi()ii(lriil  ossification. 

'^riic  jx-ricliniidral  of<KiJicaflon  hco'ins  soinowliat  earlier 
than  tlio  oiulocliondnil ; in  f ho  niiddlo  of‘  what  is  later  tli^ 
ditipliysis  ot‘  :i  long  Itoiu',  ti  Itiycr  of  oinhryonio  bone  is, 
rorniod  hy  (ho  jtcricliondrinin,  while  tit  the  .same  time  and 
in  (lie  siiino  region  the  citrtilago  begins  to  ealoify. 

( ale.inm  stilts  art;  deposited  in  the  grotind  snh.stance  of 
the  ciirtilage,  (ho  etirlilttgo  spaces  increase  in  size,  and 
finally  there  is  ti  shrinking  of  the  cartilage  cells,  tvhich  is' 
soon  followed  by  the  death  of  the  cells.  In  the  region  of 
the  calcification  of  the  cartilttge,  the  ftirther  growth  of  carf 
tilagc  cea.ses.  In  con.setptence  of  this,  some  time  after  the 
beginning  of  o.ssilication  the  cartilaginous  ])ortion  of  the 
skeleton  appears  as  if  constricted  in  the  region  of  the  zone 
of  calcification.  Cell  divisions  still  take  ])lace  after  the 
beginning  of  calcification,  but  no  new  cartilage  spaces  are 
formed,  so  that  severid  cells  lie  in  one  of  (he  cnlargeij 
cartilage  spac^cs  before  they  degenerate. 

The  formation  of  endochondral  bone  is  initiated  by  the 
jienetration  of  a blood-ve.sscl  from  the  ])eriostenm  into  the 
calcified  cartilage.  The  way  through  tlu'  calcified  ground 
substance  of  tin;  cartilage  is  o])cncd  f()r  (he  blood-vcs.'^ej 
by  ])olynncl(‘ar  giant-cells  called  o.deocla.dx,  which  have 
the  ])owcr  of  disintegrating  calcified  cartilaginous  sub- 
stance as  well  :is  bone  (sec  page  !)1).  d'hc  osteocla.sts 
break  down  the  enlarged  cartilage  sj)accs,  so  (hat  only 
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remains  of  the  intervening  walls,  consisting  of  calcified 
cartilage  matrix,  are  left.  The  ealeitii'd  cartilage  matrix 
stains  a dark  bluish-violet  with  hematoxylin,  while  the 
iinealcitied  t>-ronnd  substance  stains  a li<>'ht  violet.  In  this 
way  anastomosing  primary  marrow  sjhicc^  develop  in  the 
bone  anlage,  which  an*  at  first  small.  These  primary 
marrow  spaces  are  tilled  with  cells  derived  from  the  inner 
or  osteogenetic  layer  of  th(‘  embryonic  periosteum  (peri- 
chondrium) and  are  known  as  oslcoblaris.  Certain  of 
these  cells  differentiate  into  the  cells  of  what  is  later  the 
red  l)one-marrow.  Between  them  numerous  blood-vesse's 
are  found.  Around  the  remains  of  the  calcified  cartilage 
matrix,  which  project  freely  into  and  bound  the  newly 
formed  marrow  spaces,  lie  the  osteoblasts,  rich  in  proto- 
plasm, oval  oi’  low  cylindric  in  f()rm  ; these,  esi)ecially 
where  they  an;  arrangc'd  in  rows,  give  the  impression  of 
epithelium  ; they  are  known  as  ost(*oblasts  or  bone-formers, 
Ijccause  they  are  the  cells  which  deposit  the  osseous  sub- 
stance. Through  the  activity  of  the  osteoblasts,  osseous 
mati’ix  still  free  from  cells  is  formed  around  the  remains 
of  the  cartilage  matrix.  This,  thei’efore,  always  contains 
within  it,  even  when  the  formation  of‘  the  bone  is  fartluu’ 
advanced,  calciticd  cartilage  matrix  in  the  form  of  ser- 
rated lines  and  trabcciday  which  aix;  easily  distinguishable 
in  micntscopic  preparations  by  their  coloi-.  When  the 
osteoblasts  first  deposit  osseous  substance,  this  is  free  from 
cells,  (iradiially,  however,  (jstcoblasts  are  surrounded  by 
young  osseous  sub-tance  ; they  then  lose  their  bone- 
forming funetii)n  and  become  fixed  bone-cells.  Oidv  the 
s|)(»ngv  boiH!  tissue  is  developed  by  endoehond I'al  bone 
toianation. 

'fhe  ])roeess  of  i>rri  chondral  nsmjirdlmn  is  very  similar; 
it  has  alrea<lv  begun  when  ealeilieation  occurs  in  the  carti- 
laginous |)orliiiii.  On  the  inner  siirlaee  of  thi'  perichon- 
drium at  this  time  is  found  a tissue  rich  in  eellidar  ele- 
ments, known  as  the  osti'ogenetie  tissue.  This  contains, 
on  the  side  tiirne*!  toward  the  bone  anlage,  a single  laver 
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PLATE  9— RONE  DEVELOPMENT. 

Cross-section  through  a Forearm  Bone  of  a Six=month 
Human  Embryo.  X '15. 

Witliin  the  periosteal  ring  the  figure  shows  bone  formed  by  endo- 
chondral and  by  perichondral  ossification.  On  one  side  the  latter  is 
mai-kedly  devcdoped,  while  on  the  other  side  it  is  entirely  absorbed, 
so  that  here  the  endochondral  bone  reaches  the  periosteum.  The  endo- 
chondral bone  contains  remnants  of  ealcilied  cartilage  matri.x  and  is 
sejiaratcd  from  the  ])eriebondral  bone  by  a blue  boundary  line  of  the 
same  substance.  On  the  outer  surface,  of  the  endochondral  bone  a 
larger  resoi  ption  surface  is  found  with  giant-cells  in  the  lacnme.  The 
liericbondral  bone  shows  on  its  outer  surface  an  almost  continuous 
layer  of  osteoblasts.  It  ab'eady  forms  a e.omi)act  mass  with  Haversian 
ciinal.s. 

Technic:  Miiller’s  lluid.  Carmin-bematoxylin. 

Reference  letters:  hg,  Hlood-ves.sels  of  bone-marrow;  e/T,  endochon- 
dral bone;  <jl,  boundary  line  between  endochondral  and  jicricbondral 
bone;  Uk,  llavei'sian  ciinals;  ///,•,,  Haversian  canals  in  jaocess  of  forma- 
tion; M,  l)one-marrow;  ob,  osteoblasts;  p,  pei-iosteum;  pK,  perichon- 
dral bone;  Rz,  giant-cells. 


of  very  proniinont  o.stcobla.sts,  which  dc])osit  osseotLS  snh- 
stnucc  on  tlic  ctilciflcd  and  constricted  diaphyseal  portion 
of  M'hat  is  later  endochondral  hone.  Thit.s,  hone  in  this 
rc'irion  is  apposed  from  w'dhouf.  Fn  its  earlier  sta<>;cs 
perichondral  hone  is  deyelojtcd  in  a manner  similar  to 
that  of  endochondral  hone  formation  ; like  the  latter,  peri- 
chondral hone  is  at  lir.st  free  from  cells;  as  the  procc.ss 
])roce(‘ds,  the  osteoblasts  are  inclosed,  other  osteoblasts 
continuing  the  further  deposition  of  osseous  tissue,  cycn  at 
a time  when  the  endochondral  l)onc  is  still  being  formed. 


PLATE  10.— BONE  DEVELOPMENT. 

Cross-section  of  the  Upper  End  of  the  Diaphysis  of  the 
Femur  of  a Six-month  Human  Embryo.  X lb- 

Tbc  figure sbowsa  large  nundx'r  of  small  irabecube  of  endoebondrid 
bone  with  the  blue  stellate  fignr(“Sof  calcilic'd  cartilage  mali'ix  wilbin 
t hem.  Between  tbe.se  arc  found  numerous  marrow  space's  with  marrow- 
cells  and  blood-vessels.  A thin,  incom])lefe  layer  of  perichondral  bone 
surrounds  tbc  endoebondral  bone,  sc])arated  fiom  it  by  a boundary  line 
of  calcilie'd  cartilage  malrix. 

'reebnic:  Miillei'’s  lluid.  (larndn-beinatoxylin. 

Reference  letters:  /a/,  Illood-vessi'ls;  ch\  endoebondral  bone;  gh 

lionndary  line  between  endoebondral  and  ju'i  icbondral  bone;  p,  jeerios- 
tcum;  pA',  jeeriebondral  bone. 
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The  houndarv  line  between  the  two  kinds  of  bone  can  be 
easilv  reeounized  bv  a fine  line  of  ealeilied  cartilaginous 
matrix.  The  perichondral  bone,  of  course,  contains  no 
bits  of  cartilage'  matrix,  as  it  is  deposited  outside  of  the 
I cartilaginous  portion  of  the  skeleton. 

j The  apposition  of  new  perichondral  bone  does  not  take 
I place  by  the  simple  dejeosition  of  osseous  material  on  the' 
new  bone  which  was  formed  earlier  and  the  consccpienl 
: tliickening  of  the  original  layers  of  bone  ; but  trabe'culre 

of  bone  are  developed,  which  become  confluent  and  thus 
inclose  osteogenetic  tissue.  The  cavities  thus  formed  con- 
tain blood-vessels  and  also  on  their  inner  surfaces  layers 
of  osteoblasts,  which  constantly  produce  new  osseous  sub- 
stance and  thus  diminish  the  size  of  the  original  cavity. 
When  the  dinunution  in  size  has  gone  on  until  the  cavity 
is  very  little  larger  than  tlu'  blood-vessel  which  it  contains, 
the  osteol)lastic  activity  ceases,  tlu'  uninclosed  osteoblasts 
])robal).y  again  becoming  fixed  connective-tissue  cells,  and 
a Haversian  canal  is  f()rmed.  Jn  this  way  the  perichon- 
dral bone  flo'ined  assumes  gradually  the  structure  of 
ordinary  com|)act  l)one.  Perichondral  ossification  results 
in  the  formation  of  compact  boiu'.  d'he  greater  portion 
f)f  the  whole  skeleton  is  therefoi’c  of  fibrous  tissue  origin. 
Hp  to  the  time  of  birth  there  is  still  a relatively  large 
amount  of  endochondral  bone.  During  the  first  and 
second  vi'ars  of  life  llie  greatei’  |)ortion  of  this  is  absorbeil 
and  replaced  bv  perichondral  lione  ; fliis  is  true  of  even 
rnneh  of  the  s|)ong\’  lione.  As  |)eriehondral  bouc  develops 
from  the  outside, — that  is,  liy  a|)|)osition, — it  does  not 
show  a row  of  osteoblasts  toward  the  marrow  cavity. 

'Fhe  formation  of  i nt ramembranous  bone  follows  a simi- 
I lar  course  to  that  of  |)eriehondral  bone.  A layer  of 
osteoblasts  is  arranged  around  the  caleifying  bundles  of 
connective  tissue;  iiiimeroiis  anastomosing  trabeeiihe  of 
' bone  are  thus  formed,  inclosing  blood-vessels  and  forming 
Haversian  canals,  quite  as  in  |)eriehondral  ossification, 
d'hc  jiroccss  of  ossification,  as  W(>  have  describeil  it,  is 
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PLATE  II— BONE  DEVELOPMENT. 

Fio.  1.  — Portion  of  a Longitudinal  Section  of  a Metacarpal 
Bone  of  a Five-month  Embryo.  X r>o. 

Tlic  ligure  ri-iiirsciits  tlie  region  of  cmlochomlral  ossification  of  an 
einl)ryonal  incbicarpal  lione  and  shows  the  changes  which  tlie  cartilage 
undergoes  l)efon^  its  dissolution.  Outside,  in  the  pericliondriuiu  is  a 
layer  of  ])ei’ichondral  hone. 

T'echuic:  Midler’s  Iluid  with  formalin.  ireinatoxyliu-eo.sin. 

Keference  letters:  cK,  lloiu^  formed  by  endochondral  ossification; 
A'a,  e^U'tilage  ; zone  in  which  the  cartilage  cells  are  arranged  in 
rows  ; K)i.^,  zone,  of  enlarged  cartilage  cells  and  calcilication  of  ground 
substance  ; KnR,  remains  of  calcified  cjirtilaginous  matri-K  ; mari'ow  ; 
pK,  hone  formed  by  ])erichondi'al  ossilieation  ; A'a,  giant-cells  (osteo- 
clasts). 

I'Kis.  -Processes  of  Bone  Formation  and  Bone  Resorp= 
tion  in  the  Lower  Jaw  of  a Seven-month  Human  Embryo. 
X 1:20. 

'rechnic:  Midler’s  llidd  with  formalin,  llemato-xylin-eosin. 

L'ig.  2. — Young  hone  trahecuhu  just  forming.  Osteoblasts  are 
imdo.sed  by  bone  substiincc  and  thus  changed  to  bone-cells. 

Fig.  .'5. — (iiant-cells  in  the  resting  stage  in  the  connective  tissue. 

Fig.  1. — 'Two  iictive  giant-cells  in  a small  (almost  resorbed)  piece  of 
bone  tissue. 

Fig.  — 'riiree  giant-cells  on  the  border  of  a large  piece  of  bone. 
One  cell  lies  in  a lacuna,  the  second  is  .somewhat  separated  from  the 
Ikuic,  and  the  third  is  absorbing  a j)rojccting  ])oint  of  bone. 

Thg.  (). — Oiant-e.ell  in  a lacuna.  The  nuclei  of  the  cells  lie  at  the 
side  away  from  the  resorption  surface. 

Keference  letters  for  h'igs.  2-(l:  c,  Capillary  ; Knx,  os.seous  tissue; 
Icnz,  bone-c(dls;  ohi,  osteoblasts;  o/V,,  osteoldasts  clianging  to  bone-cells. 


also  characterized  as  the  neoplastic  ty[>e,  in  ojiposition  to  a 
method  of  bone  formation  whicli  occurs  only  in  very  few 
])laccs  in  the  human  body,  in  wliicli  tliere  is  a direct  trans- 
formation of  the  cartilag;e  into  bone,  tliat  is  without  ]irece- 
dent  degeneration  of  tlie  cartilage,  and  which  is  known  as 
the  'inefdjjlastlc  type.  The  only  region  where  this  method 
of  bone  formation  takes  jilacc  to  any  e.xtent  is  in  the  o.ssi- 
fication  of  the  articular  proce.sscs  of  the  lower  jaw.  It 
would  ap])(‘ar  that  here  the  cartilage  cells  change  directly 
into  bone-cells.  During  the  growth  of  bones,  the  absorp- 
tion of  osseous  tissue  <>’o('s  on  hand  in  hand  with  the 
formation  of  new  bone  tissue  ; in  this  Avay  the  marrow 
canals  and  man’ow  spaces  ai’c  enlarged.  The  absorption 
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of  the  bone  already  formed  is  l)rought  about  througli  the 
agency  of  s])ccial  cells,  known  as  (/i(utt-ce//H  or  osteoclasts. 
They  are  large,  s|)herical,  polynuclear  cells  in  the  resting 
stage,  such  as  are  found  also  in  the  bone-marrow.  The 
osteoclasts  apply  themselves  to  the  bone  to  be  absorbed 
so  that  they  fit  the  form  of  the  surface  ; thus  they  often 
surround  splinters  of  bone  Avhich  are  to  be  resorbed. 
S(iiu(‘  time  alter  tlu>  application  a pit  is  seen  in  the  bone, 
which  often  ('xactly  corresponds  to  the  form  of  the  osteo- 
clast ; these  depn'ssions  are  known  as  llotcshij/s  lacuna;. 
A\’here  larger  resorptions  take  plac(>,  the  osteoclasts  often 
lie  close  together,  and,  forming  jiit  alter  pit  and  dissolving 
the  bridges  which  separate  them,  may  dissolve  large  sur- 
faces of  bone.  Not  simply  during  the  entire  time  of 
the  growth  of  lione,  but  also  iii  later  life,  areas  are  found 
where  bone  is  being  resorbed. 


II.  THE  ORGANS  OF  THE  MUSCULAR  SYSTEM. 

'fhe  ])i’incipal  organs  of  th(‘  muscular  .system  arc  the 
muscles,  tendons,  and  fasciie. 

The  muscles  consist  of  a collection  of  transversidv 
striated  muscular  fillers,  which  are  sepai'ated  into  sub- 
divisions by  strands  of  comu‘cfive  tissue,  ddie  external, 
more  markedly  developed  connective;  tissue  is  called  the 
periinii-'anni  cxlernnui.  It  sends  strands  of  connective  tis- 
sue, known  as  prrinijf.'^inin,  intrrnnm,  into  tlu>  interior  of 
the  miiseh',  which  inclose  i rregidai’ spaces  ;md  bound  mus- 
cle bundles  of  dilfe?-ent  sizes,  d’he  terminal  pi-oc(‘sses  of 
the  perimysium  finally  siirroiin<l  each  single  muscle-tib(>r 
forming  the  rndoinii.^ii'iii.  'fhe  perimysium  is  (|uite  rich 
ill  elastic  fibers.  .\t  the  nodal  jioints  of  the  perimvsium 
lie  the  largei-  blood-vcs.-els  and  iierve-t riiuks  of  t he  muscle 
and  usually  the  large  sensory  nerve  endings  known  as  the 
nenromuseiilar  spindles.  The  lattei’  arc,  however,  not 
found  in  all  the  muscles  of  the  body  ; they  are  lacking  in 
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PLATE  12— MUSCLE. 

Fio.  1.— Portion  of  a Cross-section  of  the  M.  Omohyoideus 
of  Man.  X 

The  tissue  was  lixecl  two  and  one-half  hours  after  death. 

Tlie  (if^ure  sliows  the  arrangement  of  the  innscle  bundles,  of  the 
periinysiiiin,  of  the  l)lood-vessels,  nerves,  and  of  the  neuromuscular 
s])indles  (the  curved  line  to  the  right  is  the  free  surface  of  the  mus- 
cle). 

T’ecihnic;  Zenker’s  (luid.  Hematoxylin-eosin. 

Ivcferencc  letters:  a,  Artery;  hg,  blood-vessel  (vein);  imp,  neuro- 
muscular s])indle;  n,  nerve;  pme,  perimysium  externum ; perimy- 
sium internum. 

Fio.  2. — Cross-section  of  Neuromuscular  Spindle  from  the 
M.  Omohyoideus  of  Man. 

Tbe  lignre  gives  the  i)icture  of  a transversely  cut  neuromuscular 
S])indle  with  the  neighboring  transversely  .sectioned  muscle-libers.  The 
s])indle,  comjjosed  of  a connective-tissue  sheath,  small  mu.scle-libers 
and  nerves,  lies  in  the  i)crimysium  internum.  Fine  strands  of  the 
latter  ])cnctrate  between  tlu!  single  innscleTibers  surrounding  the 
.sj)indle. 

TccOinic,,  etc.,  as  in  the  j)receding  ligure. 

Reference  letters  : lnig,  Conncctive-ti.ssne  .sheath  of  the  spindle  ; 

M,  mnsc;le-libers  of  the  s])indle  with  axial  nuclei  ; m,  transversely 
striatiMl  mnsc.le-liher  in  cross-.section  ; n,  nerve-fiber  ; pm,  perimysium 
of  the  single  mu.scle-libei's. 


tlie  c.xti'insic  vyv  imisclos,  in  the  intrin.sic  niii.scle.s  of  tlie 
toMjriu',  in  tlie  innsclo.s  of  tlie  face,  and  in  certain  other 
smaller  inn.scle.s. 

The  neuromiuteidar  spivdle.'i  arc  long  fusiform  .strnctnres, 
which  are  generally  arranged  in  the  direction  of  the  long 
axis  of  the  muscle  and  usually  lie  in  the  perimysium  sep- 
arated from  the  other  muscle-fibers.  The  nenromuscular 
spindle  consists  of  a connective-tissue  ca])snle,  composed 
of  from  four  to  eitfiit  concenlric  lanu'lla)  of  lihrons  con- 
ncctive  ti.ssiie,  within  which  are  found  four  to  twenty 
small  mnsch‘-(il)crs  rich  in  sarcoplasm,  known  as  the 
intrafn.sal  Hhers.  In  ihcm  we  may  n'cognize  a jiroximal 
polar,  an  c(jiiatorial,  and  a distal  polar  region.  In  the 
proximal  and  dislal  ])t)lar  regions  the  inti’aln.sal  mnsclc- 
iihers  ])rc.scnt  the  strnctnn*  of  striated  mnsch'-llhers  of  (he 
red  variety.  In  tlu'  C(piatorial  region  (hey  are  rich  in 
sai’coplasm  and  conlain  mimerons  mielei,  which  are  axially 
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placed,  the  fibrillar  structure  appearing  as  a thin  layer 
about  the  periphery  of  the  fibers.  Surroundiug  the  intra- 
fusal fibers  there  is  found  a thin  layer  of  connective  tissue 
known  as  the  axial  sheath,  and  between  this  and  the  cap- 
sule there  is  found  a large  lymph-space,  bridged  by  con- 
nective-tissue trabecuhe,  to  which  the  name  of  periaxial 
space  is  given.  The  intrafusal  muscle-fibers  of  the  spin- 
dle are  not  connected  with  other  muscle-fibers,  but  begin 
and  end  free  in  the  sheath  derived  from  the  perimysium. 
The  neuromuscular  spindles  contain  numerous  nerves, 
which  show  very  characteristic  endings  (sec  page  118). 
They  are  sensory  organs,  which  subserve  muscular  sense. 

The  blood-ves.'iclH  of  muscle  ai'c  very  nnmerous.  The 
larger  trunks  run  in  the  coarser  strands  and  nodal  points 
of  the  perimysium.  The  branches  pass  into  the  muscle 
bundles  and  each  single  muscle-fiber  is  surrounded  by 
small  capilhu’ies,  which  form  long  meshes  around  the 
muscle-filjer.  The  nerves  of  muscle  are  numerous.  They 
are  mcdullated  and  non-medidlated;  the  former  comprise 
partly  motor  and  partly  sensory  fibers.  The  motor  fil)ers 
eiul  on  tbe  muscle-fil)crs  thems(‘lves.  Each  muscle-fiber 
contains  at  leiist  one  and  generally  several  motor  cndings(see 
page  109).  The  sensory  fibers  gf)  in  ))art  to  the  neui'o- 
muscular  spindles,  the  adventitia  of  l)lood-vessels,  and  the 
connective!  tissue  sheaths  of  muscles;  others  pass  to  t lie 
neurotendinoiis  end-organs  found  in  tlu'  tendons.  The 
non-mcdullatcd  libers  end  on  tlie  blood-vc'ssels. 

The  tendons  are  counective-l issue  organs,  which  are 
composed  of  very  regular  |)arallel  bundles  of  (lonnective 
tissue.  The  bundles,  wliicli  are  composed  of  formed  con- 
nective tissue  |)oor  in  elastic  (iliers,  an*  designat(*d  as  /ca- 
doa  bund/c-s  (also  called  tendon  bundles  of  the  smallest 
order,  or  jirimary  temlon  bundles,  or  tendon  fasciculi). 
Hetween  the  tendon  bundles  lie  the  stellate  fctidoii  cc//.v, 
connective-tissue  cells,  which,  with  their  processes,  sur- 
round the  tendon  bundles,  since  they  anastomose  with  tin* 
processes  of  neighboring  cells.  In  smaller  mammalia 
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Fiji;.  28. — CroRS-section  of  a Iniman  tciulon.  X The  prepara- 
tion wa.s  taken  from  one  wlio  had  been  executed.  The  figure  jj;ives  the 
general  .structure  of  tendon.  Reference  letter.s  for  Figs.  28  and  29: 
htl(/,  Strands  of  eonneetive  tis.sue;  h;/,  hlood-ves.sels;  Wi,  larger  teudoii 
hundle.s,  hounded  l>y  strands  of  connective  tissue;  Ss,  tendon  cells. 


(rat,  inotisc)  tlio  tt'iulon  cells  posse.ss  a somewhat  rogtilar, 
rcctiingtilar  body  with  hunelhir  ])rocesscs,  the  so-called 
winged  tendon  cells. 

l^jach  tendon  consists  of  a collectioti  of  tendoti  bundles, 
which  are  held  together  by  strands  of  tireolar  connective 
tissue.  The  connective  tissue  which  surrounds  the  whole 


Fig.  29.— A portion  of  the  section  of  tendon  reproduced  in  Fig. 
28,  under  liigher  magnification  (X  (M).  Tlic  ligure  shows  the  tendon 
cells  within  the  .secondary  tendon  bundles. 

tendon,  and  which  is  known  as  the  external  peritendineum, 
sends  jmiecsses  into  the  interior  of  the  t(‘ndon,  forming 
the  internal  peritendineum,  which  se|)ar:ttes  and  surrounds 
irregnlarlv  sliaped  gi'onps  of  tendon  bnndh's,  forming  the 
.so-called  Kvcfnida rij  InuJnn  hundlcK,  of  which  each  larger  ten- 
don contains  a number. 


Fig.  28 
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Tlie  tendons  are  very  poor  in  l)lood-vessel.s,  tlie  larger 
branches  of  whieli  are  1‘onnd  at  the  nodal  j)oints  of  the  in- 
ternal peritendineinn.  On  the  other  hand,  tendon  has  a 
very  rich  snpj)ly  of  sensory  nerves;  certain  of  the  sensory 
nerve-tibers  pass  to  the  Wder-Pacinian  corjiiinclc.'i ; others 
terminate  in  free  sensory  endings,  while  still  others  end  in 
the  so-called  iieuru(nuU)iont^  (see  page  1 13)  situ- 

ated at  the  boundary  line  between  innscle  and  tendon. 

Fibrous  membranes,  aponeuroses,  and  fascia3  have  a 
structure  (piite  similar  to  that  of  tendons. 


III.  ORGANS  OF  THE  NERVOUS  SYSTEM. 

1.  THE  CENTRAL  NERVOUS  SYSTEM. 

The  space  allott<'d  to  this  section  docs  not  ])crmit  an 
e.xtendcd  desia-ii)tion  of  the  .structure  of  the  entii-e  central 
nervous  system,  and  especially  not  of  the  coni-se  of  the 
fibers  containetl  therein.  It  is  our  |)iirpose  to  describe 
l)rietly  the  strnctni-e  of  the  s|)inal  coi'd,  of  the  medulla 
oblongata,  of  the  cerebellar  and  cerebral  cortex,  so  far  as 
the  elements  of  the  nervous  system  (sec*  under  nervous  tis- 
sues, page  70),  by  their  combination,  mal<(>  up  tlu'  struc- 
ture (»f  the  parts  to  be  considered.  In  ngard  to  the  rela- 
tions of  the  conrs(!  of  th(“  nerve-fibei's,  of  the  topogra])hv 
of  the  .several  parts,  etc.,  the  text-books  of  anatomv,  and 
|>articnlarly  the  special  texts  on  nerv()iis  anatomv,  must 
be  constdted.  'fhe  topography  of  the  spinal  cord  and 
mednihi  (olives)  has  been  included  in  the  legends  accom- 
ptmying  Fhites  13—15. 

ddie  grtiv  niiitter  of  f III'  spinal  COrd  tind  of  the  mednlhi, 
iis  well  its  of  lh(!  entire  brtiin,  consists  (»f  nenrogliti,  gan- 
glion-cells, iind  scatteretl  mednlhited  nerve-tibers;  the 
white  nmtter  consists  of  me<lnll:itcd  nerve  til ters  devoid  of 
the  shetith  of  .S-hw:inn,  between  whitth  neuroglia  is  found. 
Froees.sfis  of  the  pia  m:it(‘r  of  the  spinal  cord  run  into  the 
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PLATE  13.— SPINAL  CORD. 

Cross-section  of  the  Human  Spinal  Cord  in  the  Region 
of  the  Cervical  Enlargement.  X y- 

The  ])ro])arati()n  wa.s  taken  from  an  adult  and  was  fixed  two  and 
one-lialf  hours  after  death. 

Technic:  Miiller’s  llnid.  Sodium  earminate. 

Tlie  lignre  give.s  a topographic  ])ictnre  of  the  spinal  cord,  the  dis- 
trihution  of  the  gray  and  of  the  white  matter,  the  distril)ution  of  the 
columns  and  of  tlie  pia  mater. 

lieferene.(“  lettci’s:  /a/,  Blood-vessels;  ca,  anterior  horn  of  gray  mat- 
hs'; rma,  anterior  commissure;  x,  region  of  the  o))literated  central 
canal;  cp,  posterior  horns  of  gray  matter;  /a,  fnnicnlns  anterior  or 
anterior  column; /a;a,  anterior  nu'dian  fissure;  fc,  funicnhis  cuneatus 
or  the  column  of  Bnrdach;/y,  funiculns  gracilis  or  the  column  of  Goll; 
Jl,  funiculns  lateralis  or  lateral  column;  fr,  formatio  reticularis;  pm, 
])ia  mater;  m,  anterior,  ventral,  or  motor  loot-lihers;  rji,  po.sterior, 
doi-siil,  or  sensory  root-lihcrs;  ki/,  substantia  gelatinosa  of  Kolando; 
up,  jMJsterior  median  septum. 


wliitc  luattor,  jiartially  dividing  it  into  tircas  known  as 
colninns.  Tlio  iKM've-fil)ors  of  tlie  wliitc  snlistance  run 
within  the  cohnnns,  for  the  most  part  in  the  direction  of 
the  long  a.xis  of  the  spinal  cord;  lai'ger  bundles  running 
transversely  are  found  only  in  the  ventral  and  dorsal  root- 
libers.  The  structure  of  the  white  substance  in  its  whole 
breadth  is  very  uniform.  The  neuroglia  cells  are  scattered 
here  and  there  throughout  the  white  matter,  and  the  neurog- 
lia libers  cour.se  between  the' nerve-fibers.  A thicker  layer 
of  glia  fibers  is  found  at  the  surface  of  the  spinal  cord 
under  the  |iia  mater. 

ddie  gray  matter  of  the  sjiinal  cord  ]ire.sents  a more 
complicated  structure  than  the  white  matter.  Its  constit- 
uents have  in  general  the  following  ndatious:  The 
(/fioH-cells  of  the  s|)inal  cord  are,  without  c.veeptioii,  multi- 
polar cells,  but  of  different  sizes.  The  largest  yiells  are 
the  motor  ar//s  of  the  anterior  horns,  which  are  usually 
arranged  in  several  groups.  The  ucuraxis  of  each  cell 
pas.ses  immediately  into  oiu;  of'the  nerve-fibers  ot  the  ante- 
rior or  ventral  root.  The  cell-body  is  large,  its  branches, 
especially  at  their  origin  Iroiu  the  cell-body,  being  large 
and  richly  branched  (.see  l)age  74).  The  oliicr  nerve-cells 


I ah.  13 


THE  CENTRAL  NERVOUS  SYSTEM. 


97 


of  the  spinal  cord  are  smaller  and  their  dendrites  are  not 
so  well  developed.  As  their  neuraxes  run  into  tlie  col- 
ninns  of  the  wlntc  matter,  from  whieh  they  may  give  off 
at  ditfen'iit  levels  collaterals  which  enter  the  gray  matter, 
these  cells  are  called  cohnnn  cells.  The  neuraxes  of  cer- 
tain of  the  eolnmn  cells  }>ass  through  the  gray  matter  to 
the  opposite  side  of  the  cord;  these  are  known  as  commis- 
sural cells.  The  column  and  commissural  cells  lie  scat- 
tered through  the  gray  matter,  partly  in  groups,  as  for 
instance  the  dorsal  itudeux  or  column  of  Clarke,  situated 
at  the  base  of  the  posterior  horn  and  especially  well  devel- 
oped in  the  lower  dorsal  and  np[)cr  lumbar  regions.  Cer- 
tain of  the  cells  of  the  posterior  horns  have  a nenraxis 
which  does  not  pass  into  a nerve-tiber,  but  breaks  up 
immediately  into  many  branches ; these  are  the  so-called 
Golgi’s  cells  (see  {>agc  7o). 

d'he  nerve-JihcrH  of  the  gray  matter  show  a very  compli- 
cate<l  arrangement.  They  are  found  in  all  parts  of  the 
gniy  matter,  partly  singly,  j)artly  in  small  groups,  and 
only  exce])tionally  in  more  compact  bundles.  They  com- 
prise the  lu'ginnings  of  the  motor  roots,  whieh,  soon  after 
their  origin,  receive  medullary  sheaths,  further  dorsal 
root-filx'i-s,  which  enter  the  gray  substance  through  the 
apices  of  the  posterior  horns  and  pass  in  this  through  the 
substantia  gelatinosa  Uolandi  and  the  region  of  the  dorsal 
nnclcns  to  the  anterior  horn  into  the  region  of  the  large 
motor  ganglion-cells,  forming  the  so-called  reflex  collateral 
fibers  ; others  conic  in  contact  with  the  collaterals  of  column 
cells.  In  the  white  commissure  mednllatt'd  fibers  cross  to 
the  opjiositc  side  of  the  spinal  cord. 

d'hc  iu‘uro(/lia  of  the  gray  matter  is  found  in  tlu'  form 
of  e])cndvrnal  cells  lining  the  central  canal  fir  its  remains, 
in  case  the  central  canal  is  obliterated,  and  as  neuroglia 
cells  and  fibers,  scattered  throngliont  the  gray  matter. 
Special  collections  of  neni'oglia  cells  and  fibers  are  found 
ai-ound  the  caifral  raiidl,  where  they  form  a neurogliar 
mass  entirely  free  from  nervc-cclls  and  almost  entirely 
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Plate  14.— Spinal  cord. 

Cross-section  of  tlie  Human  Spinal  Cord  at  the  Level  of 
the  Lumbar  Enlargement  (two-tliirds  of  the  section  shown). 
X lf>. 

T'he  tissue  was  li.xed  two  and  one-half  hours  after  death. 

T'lie  iif;ure  sliows  two-tliirds  of  a transverse  section  of  the  spinal 
eoi-d  with  the  siirroundinfj  ])ia  mater.  The  mednllated  nerve-libcre 
are  dark  blue,  the  mielcd  red.  We  see  the  relation  of  the  mednllated 
iK'rve-libei-s  to  the  j;ray  svd)stanee  and  the  white  substance. 

IVelinic  : Midler’s  Iluid.  Weigert-l’al’s  method  for  staining  the 
medullary  .sheaths.  Alum-earmiu. 

Reference,  letters  : can,  Anterior  white  commissure  ; Cc,  remains  of 
the  obliterabal  central  Ciinal  ; /m«,  anterior  median  fissure  ; gl,  e.xter- 
nal  glia  sheath  ; C/z,  ganglion-cells  of  the  anterior  horn  ; nd,  nucleus 
dorsjilis  ; pm,  ])ia  mater  ; Ra,  anh-rior  or  ventral  root-libers;  Rp,  pos- 
terior or  dorsjil  i-oot-libcrs  ; ng,  substantia  gelatinosii  of  Rolando  ; amp, 
posttu'ior  median  sei)tum. 


froo  (Vom  iK'rvc-fihc'r.s.  Tlic  siibstantiti  gelatinosa,  on  the 
otlujr  hand,  (lontains  no  exce.ss  of  glia  elements. 

Tlu!  l)/o()<I-vc.sw/.s  of  the  S])iiial  cord  enter  the  nerve  sub-  • 
stance  from  the  pia  mater;  the  largest  trmd\s  are  branches 
of  (he  tmlerior  s])inal  artery,  which  ])enctrates  the  cord 
from  the  ba.se  of  the  median  fissure.  The  white  matter  is 
very  poor  in  blood-vessels,  while  the  gray  matter  is  very 
Viiscnlar,  being  esjn'cially  rich  in  capillaries. 

The  cerebellar  cortex  has  a very  characteristic  struc- 
ture different  from  that  of  all  other  parts  of  the  brain,  ft 
surrounds  the  white  matter  of  the  cerebellum,  which  con- 


PLATE  15.— Medulla  Oblongata. 

Half  of  the  Cross-section  of  the  Human  Medulla  Oblon- 
gata in  the  Region  of  the  Olives.  X <>• 

The  iircj)aration  was  taken  from  an  adult. 

The  iigure  gives  a ])icture  of  the  structure  of  the  medulla  oblongata. 

Teclmic:  Midler’s  fluid.  'Wcigcrt-Pal’s  method  for  staining  the 
medullary  sheaths.  Alum-carmin. 

Reference  letters:  f((c,  Fibric  arciformes  e.xtermc  ; fro,  fibra' cerebel- 
lo-olivares  ; fr/i,  fo.ssa  rhomboidea  ; fa,  fasciculus  solitarius  ; !ig,  nervus 
h.vi)oglossus ; nlig,  nucleus  nervi  liy])oglossi  ; no,  nucleus  olivaris; 
nv,  nucleus  mn-vi  vagi  ; ml,  oliva  dorsalis  ; om,  oliva  medialis  ; Pc, 
pi'duneulus  cerebelli  ; /’//,  |)yraniid  ; am,  substantia  reticularis  alba; 
arg,  substantia  reticularis  grisea  ; v,  vagus  nerve. 
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sists  of  inodullatod  nervc-iibers  and  glia  elements,  and 
wliieli,  in  the  form  of  rays,  forms  the  arbor  vitse.  >Strnetnr- 
ally  considered,  the  gray  matter  of  the  cerebellar  cortex 


mxmi 


Fig.  iiO.  — Portion  of  a transvorso  Sfction  of  (lio  liniuaii  cerebellar 
corte.v  stained  by  the  (iolgi  ini-tliod.  lOO.  Tlie  ligiire  is  combined 
from  two  jirejiarations:  .\t  the  right,  a cell  of  I’nrkinje;  at  the  left,  a 
basket  cell  ( nerve  process  of  the  latter  and  bodies  of  the  two  Pnrkinje. 

I cells  are  somewhat  diagrtimmatic).  <’,  (Vilhiterals;  I),  dendiites;  7\' 
granular  layer;  N,  neuraxis. 


consists  of  two  lavto’s,  which  are  dist ingnislmbh'  maero- 
se<)|)ieallv — the  inner  (/rn imlnr  or  /■//.sZ-eo/o/rd  laiirr  :ind 
the  outer  mohcnlar  or  {/rdij  Idijcr,  Itetween  which  is  Ibnnd 
ti  layer  of  ganglion-cells. 
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PLATE  i6— Cerebellum  and  Heart. 

Fio.  1. — Portion  of  a Transverse  Section  of  the  Human 
Cerebellum.  X ~0. 

1'lie  fifiuri;  gives  a general  picture  of  the  structure  of  the  cerebel- 
lum. 

Technic:  Miillcr’s  fluid.  Sodium  carminate. 

Reference  letters:  hi/,  Blood-vc.s.sels  of  pia  mater;  Im,  lamina  medul- 
laris,  layer  of  medullated  nerve-fibers;  .ntc,  stratnm  cinereum,  or  molec- 
ular layer;  sti/r,  sfratum  granulosum;  .‘itg,  stratum  of  ganglion-cells. 

Fi(i!  2. — Portion  of  a Transverse  Section  of  a Papillary 
Muscle  of  the  Human  Heart. 

.The,  ])rc])aration  was  taken  from  one  who  had  been  executed. 

The  figure  gives  a picture  of  the  structure  of  the  heart-wall. 

X 12.T 

Technic:  Mliller’s  fluid.  Hematoxylin-eosin. 

Reference  letters:  bdg,  Intermustmlar  connective  tissue;  cn,  endo- 
thelium; end,  endociirdium ; «iy,  myoeardium. 

corobellar  cortex,  like  the  gray  nuclei,  is  formed  of 
nerve-cells,  nerve-fibers,  and  neuroglia. 

'file  arrangcMuent  of  the  nerve-fibers  of  the  cerebellar 
cortex,  the  majority  of  which  are  tnednlhited,  is  very  sim- 
ple. In  the  granular 
zone  the  medullated 
fibers  course  between 
the  small  ganglion- 
cells.  At  the  border 
of  the  molecular  layer 
we  find  a somewhat 
prominent  layer  of 
horizontal  fibers, 
which,  still  mednl- 
lated,  extend  for  .some 
di.stance  into  the  mo- 
lecular layer,  in  the 
outer  zone  ol‘  which 
all  the  nerve-libers  lose  their  medullary  .sheaths.  1 he 
medullated  fibers  of  the  cerebellar  corte.x  are  jiartly  the 
colliiterals  of  the  neiiraxcs  of  Purkinje  cells  (.sec  page 
101),  partly  libers  from  the  brain,  which  enter  through  tlie 
pedicle  of  the  cerebellum  and  effd  in  the  cerebellum. 


n 


Fig.  31. — Two  sm.all  granular  cells  of 
the  human  cerebellar  cortex,  treated 
by  Golgi’s  method.  X d,  Den- 

drites; M,  neuraxis. 
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The  nerve-cells  of  the  cerebellar  cortex  show  the  greatest 
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possible  variety  in  size  and  form,  ddie  cells  of  Piirknijc. 
are  the  nio.'l  characteristic  ami  at  the  same  time  the  largest. 


Fig.  32. — Portion  of  tran.svorse  section  of  the  hum, "in  eerebellnr  cor- 
tex treatc<I  Ijy  tlie  (lolgi  metluxl.  X 1 10.  3’lu^  ligiirc  shows  ttic 

small  granular  cells  in  thi'  granular  layer  ; in  the  molecular  layer  are 
shown  small  cortical  cells  and  basket  cells,  y/,  (ilia  cell  of  molecular 
layer;  Kz,  basket  cell  ; IS,::,  small  granular  cell  ; Rz,  small  cortical 
cell  ; .s/e,  stratum  cincreum  oi-  molecular  layer  ; ,s/y,  stratum  granu- 
losum. 
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PLATE  17— Cerebellum,  Sympathetic  Ganglion. 

Fig  1.— Part  of  a Transverse  Section  through  a Portion  of 
the  Cerebellum.  X 150. 

The  (igtire  shows  tlie  lamination  ot  the  cerebellum  ami  the  distribu- 
tion of  the  medullated  nerve-libers. 

Technic:  M’eigert’s  stain  for  medullary  sheaths. 

Reference  lettei-s:  h;/,  Blood -ves.sel.s;  bn,  lamina  mcdullaris;  stc, 
stratum  cinenmin;  nl(j,  stratum  gangliosum;  ntgr,  stratum  granulo.sum. 

Fio.  2.— Transverse  Section  through  a Small  Sympathetic 
(ianglion. 

The  ))reparation  was  tidien  from  an  executed  criminal. 

The  iigiirc  .shows  an  entire  small  ganglion,  surrounded  by  a con- 
nective-tissue sheath,  with  nerves  entering,  from  the  neighborhood  ot 
the  siMuinal  vesicle.  The  ganglion-cells,  surrounded  by  nucleated  cap- 
snle.s,  have  two  and  even  three  nuclei. 

'I'cchnic:  Zenker’s  solution.  I lematoxylin-cosin. 

Reference  lettem:  Rflg,  Connective-tissue  sheath;  G2,  ganglion-cells; 
N,  entering  non-medullated  nerve-libers  in  longitmlinal  section; 
A^i,  non-medullated  nerve-libers  in  cros.s-.section. 


Their  Itodies  lie  in  ti  single  layer  at  the  boundary  of  the 
granular  and  inoleeular  layers,  iilthough  really  in  the  hitter, 
eonstituting  the  layer  of  ganglion-eel  Is.  Tlieir  dendrites, 
generally  two  in  number,  branch  after  the  manner  of  a 
wall-friiit  tree,  into  very  fine  and  clo.sely  croM'ded  fibers, 
which  extend  through  the  entire  thicknc.ss  of  the  molecular 
layer,  often  retiching  to  the  surface  of  tlic  cortex.  At  the 
surface  of  the  convolutions  the  dendrites  pass  off  from  the 
cell-body  at  an  acute  angle,  but  toward  its  ba.se  the  angle 
becomes  gradually  more  obtuse,  until  at  the  root  of  the 
convolution  the  dendrites  pa.ss  out  in  almo.st  opposite  direc- 
tions. The  neuraxes  of  the  cells  of  Purkinje  pa,ss  through 
the  granular  hiyer,  where  they  give  off  recurrent  collaterals, 
tind,  as  medullated  nerve-libers,  pass  into  the  medullary 
sub, stance,  M'ith  the  fibers  of  which  they  intermingle. 

Resides  the  cells  of  Purkinje  and  their  branches,  the 
molecular  layer  contains  two  other  types  of  cells,  between 
which  transition  forms  are  said  to  occur.  Tliey  are  known 
as  ha.'<h’t  <;cUh  tind  small  cnrh'cal  cells.  Roth  are  tpiite  small 
multipolar  ganglion-cells.  The  baskt'l  et'lls  have  it  long 
nenraxis,  whicli  rims  jttirallel  to  the  boundary  between  the 


sc 


Tah.P. 


V'  '^'  ® '^V 

“ ^ tiy  • -...  .'  ' ' * * 

//■ 


.*  ■*»•.''  • ' •> " Oi^,- ' <*1 

••."•  .»  '■  ® . : -*(4a  - *'••»  ^1*’  ® -I 


#>♦ 


.0% 


♦> 


. 6 


' 


sy 


,»  .-'>■>  " , ^ » 'r> '.V  -1  ..SA 

I % -T'  » ' ..  , » ^ V j *■  . J ^ . Ti 

■ X '^  ■ -“^  '*0  -''■  ^ V ^ 

X-.v%  / 


«V'  ‘"i 

'S'.  » 


■-7) 


*■>•» 


O'  . 


® ■',•  'V 

■V  •'tv  '»  '-  ' i-*,” 

^ Nv,  ^;.  ■•  '■  V’ 


THE  CENTRAL  NERVOUS  SYSTEM. 


103 


granular  ami  molecular  zones  at  the  level  at  which  the 
dendrites  of  the  cells  of  Purkinje  are  given  olf,  and  forms 
with  its  end  branches  a basket-like  network  around  the 
bodies  of  these  cells.  The  cortical  cells  found  throughout 
the  molecular  layer  are  small  cells  with  short  dendrites  ; it  is 
thought  that  their  neuraxes  have  no  relation  with  the  cell- 
bodies  of  the  cells  of  Purkinje. 

The  granular  hnjer  contains  small  ganglion-cells,  which 
have  large  nuclei  and  small  ccll-lxxlics,  differing  from  those 
of  other  ganglion-cells.  They  have  very  little  similarity 
to  other  nerve-cells,  but  resemble  the  cells  of  the  inner  gran- 
ular laver  of  the  retina.  They  are  multipolar,  vdth  few 
dendrites  with  peculiar  claw-like  endings.  Their  neur- 
axes i>ass  vertically  up  into  the  molecular  layer,  where 
they  undergo  a T-sha]>ed  division  and  prol)ably  without 
branching  run  ])arallel  to  the  surfiice  of  the  cerebellum, 
j)assing  through  the  dendrites  of  the  cells  of  Purkinje. 
Besides  the  ordinary  small  granular  cells,  there  are  also 
large  granular  cells,  which  belong  to  the  nerve-cells  of 
type  JI  of  Golgi  (see  ]>age  72).  Neither  the  neuraxes  of 
the  small  cells  of  the  molecular  layer  nor  those  of  the  gran- 
ular layer  ]>ass  ov'cr  into  mcdullated  nerve-fibers.  In 
fiolgi  ])reparations  the  nmroglia  of  the  cerebellum  jircsents 
the  f (bowing  structure  and  distribution;  Long-rayed  as- 
trocytes are  found  mainly  in  the  white  matter,  short-rayed 
cells  in  the  granular  zone,  modified  short-rayetl  cells  in 
the  molecular  layer,  the  cell-bodies  being  found  in  the  re- 
gion of  the  bo(li(!S  of  the  cells  of  Purkinje  and  the  pro- 
cesses radiatino;  out  toward  the  surface  of  the  (;ortex. 

While  the  cerebellar  cortex  shows  thi’oughout  exactly 
the  same  structure,  the  ccrchral  carle.}:  lias  a somewhat  dif- 
ferent structure  in  the  dilferent  regions  ; its  structure  is 
not  so  com|(licated  as  that  of  the  c<‘rel)elhim,  and  aliovc* 
all  no  distinct  layers,  visildc  macroscopieally,  can  be 
recognized. 

Fn  general,  the  cerebral  cortex  is  characteriz(‘d  by  the 
presence  of  one  variety  of  nerve-cell,  the  pgramhlal  cell. 
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The  otlier  ganglion-cells  oeciirring  in  the  cerebral  cortex 


may  be  regarded  as  modihe 
cerebral  cortex,  in  contrast 


Fip;.  153. — A pyramidal  cell  of 
the  cerebral  corte.x;  of  man.  X 
!)0.  c,  Collaterals;  d,  d end  rite, s ; 
n,  neuraxis. 

a mcdnllatcd  nerv'c-flbcr  inlo 
aiiiidal  cells  occur  in  tyj)ical  I 


pyramidal  cells,  .so  that  the 
the  cerebellar  cortex,  con- 
tains but  one  e.ssentially 
characteristic  variety  of  cell. 

The  following  layers  are 
recognized  in  the  cer5bral 
cortex  : An  outer  molecular 
layer  containino-  numerous 

O 

ne  u rogl  i ar  cl  em  e n ts,  th  e la  e r 
of  small  pyramidal  cells,  the 
layer  of  large  ]\yramidal 
cells,  the  layer  of  poly- 
morphous cells;  then  follows 
the  white  matter,  consisting 
mainly  of  mednllated  nerve- 
fibers. 

Tile  ])yramidal  cells  have 
three  main  dendrite.s,  which 
arise  from  the  angles  of  the 
pyramidal  cell-bodies.  The 
cell-body  stands  with  its 
long  axis  vertical  to  the  sur- 
face of  the  convolutions. 
The  main  dendrite,  which 
is  at  the  same  time  the 
longest,  runs  directly  toward 
the  siu’face  of  the  cortex. 
The  three  dendrites  branch 
freely,  but  do  not  extend  so 
far  as  those  of  the  ci'lls  of 
Piirkinje.  The  neuraxis  of 
the  pyramidal  cell  arises 
from  its  base,  giving  olf 
collaterals,  and  conlinues  as 
tlie  while  mailer,  'flie  pyr- 
irm  in  (he  middle  layer  of  the 
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cerebral  cortex  and  the  largest  (up  to  30  fi  in  size)  in  the 
deeper  portions  of  the  middle  layer.  Certain  very  large 
pyramidal  cells,  occurring  in  special  regions  of  the  cerebral 
cortex,  are  known  as  giant  })vramidal  cells.  It  is  customary 
to  speak  of  an  outer  layer  of  small  ])yramidal  ccdls  and  a 
deeper  layer  of  large  jn'ramidal  cells,  bat  the  transition  of 
one  laver  into  the  other  is  p:radual.  In  the  outermost  layer 
of  the  cerebral  cortex,  which  consists  largely  of  the  den- 
drites of  the  pyramidal  cells  and  neuroglia  elements, 
there  are  only  smaller  cells  resembling  nerve-cells,  which 
by  some  observers  are  also  regarded  as  neuroglia  cells. 
In  the  deepest  layer  of  the  cortex,  below  the  large  pyr- 
amidal cells,  are  found  again  some  smaller  cells,  which 
form  a transition  from  pyramidal  cells  to  irregular  mul- 
tipolar cells.  The  ascending  dendrite  is  especially  poorly 
developed  in  them,  or  not  developed  at  all.  In  addition 
to  the  nerve-cells  mentioned,  we  find  in  the  cerebral  cor- 
tex ganglion-cells  of  type  1 1 (Golgi  cells). 

The  //c/TC-^/>er.s' of  the  (ierebral  cortc'X  radiate  from  the 
medidlary  substance  into  the  cortex.  TIkw  are  made  up 
of  the  nenraxes  of  the  small  and  large  ])yramidal  cells, 
fibers  of  nid<nown  origin  whieh  radiate  into  the  cortex 
and  end  there,  and  the  tang(“utial  fibers  of  the  cerebral  cor- 
tex. The  latter  run  as  very  line  fibcM’s,  partly  close  under 
the  surface  of  the  cerebral  (ronvolution  in  the  external 
molecnlar  layer,  j)artly  at  dill'erent  h'vels  ])arallel  to  the 
surface,  and  in  certain  regions  as  a prominent  layer  half 
wav  between  the  surface?  and  the  white*  substance*,  fe)i*ming 
the  stripes  e>f  Vie*,  el’Azyr  or  e>f  Ge*nnari.  (Se*e  Plate  IS.) 

The  ncnreegliar  e*le*me*nts  e>f  the  e*ere*I)i*al  corte*x  ])re*sent 
ne)  pecidiarities ; in  Golgi  pre*]):irations  the  white*  sub- 
stance e*ontains  e*specially  long-raye*d  astroeytt*s,  anel  the* 
gray  snbstane*e*  e*ontains  short-i*aye*el  e*ells. 

As  in  the?  spinal  cord,  the*  />/e^oe/-yv'.s*.s*c/.s  e>f  the  brain  form 
capillary  ne*tworks  |)rine*ipally  in  f he*  gray  sid)s(ane*e*.  'fhe* 
rlioroltl  j^lr.runcfs  (>{'  the  brain  ve*nt rie*le*s  e*ont:iin  manv  blooel- 
vessels,  whieh  are  overlaid  by  cubie*al  e*pithelial  cells. 
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PLATE  l8.— CEREBRAL  CORTEX  ; TACTILE  CORPUSCLE. 

Fio.  1. — Portion  of  a Section  of  the  Human  Cerebral  Cor- 
tex Vertical  to  the  Surface.  X 20. 

Tlie  figure  sliow.s  tlie  cros.s-.section  of  the  entire  gray  substance  and 
of  the  adjacent  ])ortion  of  the  medullary  substance.  The  medullated 
nerve-libers  are  stained. 

'recbnic  : Muller’s  Iluid.  Weigert’s  stfiin  for  medullary  sheaths. 

K’efcrcnce  letters  : «//,  External  tangential  libers  ; hitf,  inner  tan- 
gential tiheu-s  ; M,  medullary  suhstiince  (white  matter)  ; E,  cortex 
(gray  matter). 

Fki.  2. — Longitudinal  Section  of  a Papilla  of  the  Corium 
with  Tactile  Corpuscle.  X310. 

J’reparation  from  I’rof.  Kallius,  fliittingem. 

The  ligure  shows  a papilla  of  the  corium,  without  the  epidermis, 
with  a tactile  cor])usclo.  The  entering  nerve  with  its  extensions  in 
the  corpu.scle  is  stained  blue. 

T'eclinic  : Intra-vitam  nudhylene-hlue  stain.  Alum-carniin. 

Jteference  lettera  : iij\  Nerve-iiher. 


Tho  lattei'  art!  tlie  uncJianf/ed  remains  of  tlie  original  epi- 
tlielinni  of  the  neural  ciiiial,  since  in  these  jilaees  it  de- 
velops neither  into  nerve  suhstance  nor  into  neuroglia.  The 
cells  usually  contain  yellow  pigment  (see  page  107).  The 
lipnjth-veHSck  of  the  central  nervous  system  are  mostly 
jierivascular  and  begin  with  pericellular  spaces.  Larger 
lymph-vessels  lie  under  the  arachnoid  and  dura,  con- 
stituting the  subarachnoid  and  .subdural  spaces. 

The  membranes  of  the  central  nervous  system  are  of 
connective  tis.sue,  the  dura  mater  consisting  of  formed 
connective  tissue,  the  arachnoid  and  jiia  of  looser  con- 
nective ti.ssue,  containing  many  blood-vessels. 

ddie  hjij)ophysis  is  developed  from  two  sources,  the  floor 
of  the  thalamencephalon  and  the  oral  ectoderm.  The 
posterior  or  cerebral  lobe  is  continuous  with  the  infundib- 
ulum, but  contains  very  little  or  no  nei’ve  tissue;  the  ante- 
rior, the  larger  lobe,  devcloj)ed  from  the  oral  ectoderm,  is 


Fig.  :?l.  — Portion  of  a vertical  section  of  linman  cen'hral  coi'tex, 
treated  by  the  (!olgi  method.  X 7().  The  lignre  .shows  the  arrange- 
ment of  i,he  (I ilTerent  C('lls  of  the  e.erehral  cortex.  ///’,  Layer  of  large 
liyraniidal  cells;  /./',  layer  of  .small  pyramidal  cells;  pZ,  liiyer  of 
j)olyniorj)hous  celts. 
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made  up  of  anastomosing  tnibeeulte  or  columns  of  cells, 
of  which  are  recognized  two  varieties,  the  chief  and  the 
chromophile  cells. 

Xow  and  then  certain 
of  the  trabeculfe  pre- 
sent a lumen  and  ap- 
j)ear  to  ha\  e an  inter- 
nal secretion.  A cap- 
illary network  is  found 
between  the  trabecuhe 
of  cells,  accompanied 
bv  a small  amount  of 
fibrous  connective  tis- 


sue. 

The  epijjJu/sin  or 
pineal  gland  is  devel- 
oped from  the  roof  of 
the  thalamencephalon. 


Fig.  35. — Portion  of  choroid  ple.xus 
from  tlic  lateral  ventricle  of  a liuinau 
brain,  observed  in  the  fresh  condition. 
X -50.  c,  Capillaries  ; ej),  epithelium. 


In  the  higlier  verte- 

l)rates  it  is  a rudinumtarv  structure.  In  it  are  found  clo.sed 
alveoli,  lined  bv  a stratilied  (‘pithelium,  often  containing 
small  concretions  known  as  brain  sand.  It  further  con- 
tains neuroglia  ti.ssue. 


2.  THE  PERIPHERAL  NERVOUS  SYSTEM. 

(a)  The  peripheral  nerves.  Kvery  ])eri])heral  nerve 
consists  of  a varviiig  numl)er  of  rirrre  handler  or  nerve 
funiculi  ; these  are  evlindricr  eoi'ds  consisting  of  groups  ol“ 
iiuMlullatcd  ncrve-fil)crs.  'flic  nci've  Imndles  vary  greatly 
in  size,  even  in  the  same  cro.s.s-scction,  and  each  one  issur- 
round(;d  by  a firm  slicath  of  conncclivc'  tissue  with  elastic 
fibers,  the  prriiiriirhiin.  I’rom  the  |)criueurium  processes 
pass  into  tlic  nerve  Immllc,  known  as  nidniicurhtiii ; these 
form  an  in-cgiilar  net  work  and  generally  iiiclo.se  irregularlv 
shaped  secondary  laiiidlcs.  Mach  single  iicrvii-fiber  re- 
ceives from  the  endoneuriiiiii  a delicate  sheath,  the  .so-called 
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PLATE  IQ.— Peripheral  Nerves. 

Fi(i.  1. — Transverse  Section  of  a Human  Peripheral  Nerve. 
X ‘^7. 

'I'lie  i)ri'i)aration  was  taken  from  a man  who  had  been  executed. 
Tlie  li<rure  fjive.s  a ])ietnrc  of  a periplieral  nerve  with  its  connective- 
tissue  slieatlis. 

Tccdinic  : Muller’s  lluid.  I’icric-jicid  acid-fuchsin  according  to  Van 
( Jieson. 

Refereiu^e  lettei's  : Ikj,  niood-vc.s,sels  ; en,  endoneurinm  ; epn,  ei>i- 
nenrinin  ; pn.  ])erineni'inni. 

Fi(i.  2. — Portion  of  Fig.  1,  under  Higher  Magnification. 

X 

Tlie  lignre  shows  cross-sections  of  fibers  of  very  different  sizes  (axis 
cylinder  red  and  medullary  substance  yellow)  within  the  endonen- 
rium. 

Reference  letters  : a,  Axis  cylinder  ; ea,  endoneurium  ; w/r,  medul- 
lary .shealli. 


Ifnilc’s  flhri/lar  .sheath.  In  tlio  nerve  bundle  nearly  all 
the  fibers  run  in  the  direetion  of  the  lonfv  axis  of  the  nerve, 
with  the  exeeption  of  plttces  where  branches  arc  given  off 
or  eoininnnieations  take  jtlaee  between  the  bundles.  Each 
htrger  nerve  consists  of  ti  collection  of  nerve  bundles,  which 
are  lu'ld  together  by  loo.se  (tonneetive  tissue,  often  contain- 
ing fat-et'lls;  this  surrounds  the  entire  nerve  and  is  called 
the  epincii.rinm.  The  .sympathetic  nerves  have  numerous 
non-medullate<l  nerve-libers  in  addition  to  the  varying 
number  of  fine  medtdlatcd  fibers  and  a few  large  niednl- 
lated  fibers. 

(b)  The  ])eripheral  ganglia;  eerebro-spintd  and  sympa- 
thetic ganglia.  These  ocenr  in  all  gradations  of  si/e — the 
scattered  ganglion-cells  of  the  tongue,  adrenal,  etc.,  the 
small  ganglia  of  the  intestine,  and  the  large  com  plexus  of 
the  s])inal  and  large  .symjxithetie  ganglia. 

The  Hphml  (/nn(;lia  and  the  sensory  cranial  ganglia  have 
maiidy  the  lae(/e,  sj)Jterica,I,  unipolar  (/an(//ion-eelf.s  {see 
page  78).  Eaeli  of  these  is  surrounded  by  a nueleatc'd 
eonneeti v('-tissne  capsule  or  sheath,  which  is  closely  a|)plied 
to  the  cell-body  (si'c  Plate  7,  hdgs.  8—5).  The  donsal  sen- 
sory spinal  roots,  in  the  coni'.si'  of  which  these  cells  are 
intci‘[)olal('d,  are  made  up  of  the  two  proce.sses  resulting 
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from  the  division  of  the  single  process  of  the  cells  ; one  of 
these  two  processes  passes  to  the  })eriphery  and  the  other 
toward  the  center. 

The  number  of  spinal  ganglion-cells  of  the  spinal  gan- 
glia is,  however,  much  greater  than  that  of  the  sensory  root- 
fibers  which  enter.  There  is  in  the  spinal  ganglia  a .sreoad 
form  of  cells,  the  neuraxes  of  which  do  not  go  into  the 
dor.<al  roots,  but  branch  many  times  soon  after  their  exit 
from  the  ganglion-cells  and  end  in  extracajisular  and  intra- 
capsular  terminal  branehes  which  surround  the  cell-bodies 
of  the  unipolar  cells.  Sympathetic  nerve-fibers  forming 
plexuses  are  also  found  in  the  ganglia. 

The  sympathetic  (/anylia  contain  unipolar,  bipolar,  and 
midti])f)lar  cells,  their  elements  being  often  polynuclear. 
The  cells  of  the  .sympathetic  ganglia,  like  those  of  the 
.s])inal  ganglia,  have  a nucleated  eonuective-tissuc  ca]i.sule. 
The  j)roces.ses,  dendrites  as  well  as  neuraxes,  ])ieree  this. 
Most  of  the  cells  arc  motor;  their  neuraxes  pass  into  the 
non-medullated  nerve-libers  and  innervate  nou-strijied 
mu.sclc  and  heart  muscle  ; others  are  secretory,  innervating 
gland-cells.  Another  form  of  cell  in  the  .symjiathetie 
ganglia  has  very  long  dendrites,  which  run  into  the  neigh- 
boring ganglia  ; the  neuraxis,  after  ])roceeding  for  some 
distance  on  its  course,  receives  a thin  medullary  sheath. 
These  cells  are  thought  to  be  s(Misory  sym|)atheti(!  cells. 
The  sympathetic  ganglia  contain  also  medidlated  cerebro- 
spinal fibers,  wliieh  tertuinate  in  intracapsnlar  ])ericellnlar 
baskct.-i,  and  cenTro-spinal  .sensory  fibers,  which  merely 
pass  through  the  ganglia. 

(c)  The  nerve-endings,  'fhe  nerve-endings  may  be 
se|)arated  into  motor  and  sensory  nerve-endings.  The  for- 
mer arc  found  on  the  terminal  bi'aiiehes  of  mednllated 
motor  nerve-til)ers  of  transversely  striated  muscle.  On 
reaching  the  tnnsele,  meflnllated  motor  nerve-lilx'i’s  rajiidlv 
divide  into  a varying  number  of  small  mednllated  nerve- 
fil)crs.  Each  one  of  these  ll■|•minal  mednllated  branches, 
on  reaching  the  mn.scle-tiber  which  it  innervate.s,  loses  its 
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PLATE  20.— PERIPHERAL  GANGLIA. 

Fio.  1.— Transverse  Section  of  the  Superior  Cervical  Gan=i 
glion  of  the  Human  Sympathetic  Nervous  System.  X 2G. 

Tlie  j>rei)aniti(»n  was  taken  from  a man  wlio  had  been  executed. 

Tlie  ligure  shows  a iiicture  of  a sympathetic  ganglion  with  inimer- 
ons  typie^il  .symi)athe.tic  cells,  and  many  darkly  stained,  but  generally 
very  line  mednilated  nerve-fibers.  (The  numerous  non-medullated 
nerve-libers  are  not  visible  on  account  of  the  low  magnification.  Com- 
l>are  Fig.  2,  Plate  17.) 

Technic:  iMiiller’s  Iluid,  staining  of  medullary  sheaths  according  to 
the  Weigert-l’al  method.  Alum-carmin. 

Reference  lettei’s:  cf,  Fibrous  CJipsule;  gz,  ganglion-cells;  mn,  medul- 
latcd  nerve-libers. 

Fio.  2. — Transverse  Section  through  a Spinal  Ganglion  of 
Man.  X !"• 

The  juejiaration  was  made  from  tissue  fixed  two  and  one-half  hours 
after  death. 

The  figure  shows  the  two  roots  of  the  spinal  cord  surrounded  by  the 
dura  mater;  the  motor  libers  are  divided  into  two  large  bundles;  those 
of  the  sensory  root  are  scattered  through  the  ganglion. 

Technic  as  in  Fig.  1. 

Reference  letters:  d/a,  Dura  Tiiater;  F,  fat  tissue;  /rs,  fibers  from  the 
sensory  roots;  (Iz,  ganglion-cells;  ?vh,  motor  root. 

medullary  slioalli,  while  its  neurilemma  bccome.s  eontin- 
uous  with  tlie  sareolemma  of  the  muscle-fiber.  The 
iieiiraxis  j)asses  under  the  sareolemma  and  ends  after  fur- 
ther division  in  a mass  of  granular  sarcoplasm  known  as 
the  sole  plate  or  end-disc.  In  this  sole  plate  are  found 
numerous  nuclei,  probably  derived  from  the  nuclei  of  the 
muscle-liber.  Especially  large  motor  end-})lates  and  motor 
endings  are  found  in  the  reptilia. 

The  sensory  nerve-endings  are  divided  into  two  main 
groups:  (1)  The  simple  endings  or  free  sensory  endings ; 
(2)  tlie  special  terminal  apparatus  or  terminal  corpuscles, 
known  as  the  encapsulated  sensory  nerve-endings.  Between 


Fig.  31). — Ifranching  of  .i  nerve  in  nn  abdominal  muscle  of  a mouse, 
prejiared  by  gold  impregnation.  X 120.  The  figure  .shows  the  motor 
cnd-i)latcs  on  the  musede-fibers  under  low  magnification,  m,  Muscle- 
lil)er;  me,  motor  end-])lates;  n,  nerve. 

Fig.  37. — Two  motor  end-])lates  from  a.  muscle  of  a lizard.  X 250. 
Thi^  figure  shows  a smaller  and  a larger  motor  end-]ilate,  pre])ared  by 
gold  inijm-gnation.  n,  J'lnteriiig  nerve-fibers;  sch,  end-plate,  with  the 
terminal  distribution  of  the  nerve. 
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the  two  are  the  sensory  nerve-endings  in  the  nenroniuscu- 
lar  and  neurotendinous  nerve  end-organs,  which  occnjiy 
an  intermediate  position,  in  that  they  show  free  sensory 
endings  on  muscle-fibers  and  tendon  fasciculi,  the  whole 
being  surrounded  by  a thin  connective-tissue  capsule. 

The//'ce  nerve-endinr/s  represent  simple  terminal  branches 
of  the  sensory  nerves,  which  either  end  in  a j)oint  or  show 
a terminal  nodnlar  enlargement;  these  occur  especially  in 
epithdia,  but  also  in  fibrous  connective  tissue.  The  occur- 
rence of  a terminal  net- 

worl:  is  doubtful.  How  ^ tz 

widely  distributed  the  ^ 

simnle  free  endings  are 

. i o inn 

IS  at  present  somewhat 
difficult  to  state.  The 
nerve-endings  in  the 
ducts  of  all  glands  are 
probably  of  this  va- 
riety. In  many  sense 
organs  also  (organs  of 
hearing,  taste,  etc.) 
the  nerves  spread  out 
in  the  form  of  sonic- 
wliat  modified,  simple 
endings. 

Tlie  so-called  fad  He 
cdh  of  the  skin  form  a 
transition  between  the  simple  frc'c  endings  in  the  cjiithclium 
and  the  special  terminal  corpusifics  or  encapsidated  endings 
found  witliont  exc^eption  in  the  connective  tissue.  These 
lie  in  the  epidermis  and  consist  of  somewliat  eidargcd  clear 
ejiithelial  cells  to  which  a fiat,  samicr-like  enlargement  of 
the  nerve-fiber  is  applied,  forming  the  so-called  ladile 
mrniHcm. 

In  true  terminal  corpuscles  the  free  end  of  the  nerve- 
fiber  may  be  found  in  a club-shaped  mass  of  a granular 
substance,  in  some  instances  nucleated,  which  liy  .some 


Fig.  38. — Transverse  section  of  two 
(trandry’s  cori)nscles  from  the  tongue  of 
a duck.  X 450.  One  of  the  corpuscles 
.shows  two  and  the  other  four  tactile 
cells.  mn,  Medullated  nerve-liher.s, 
entering  the  cor|)uscle  ; Tuck,  tactile 
di.scs;  Tz,  tactile  cells. 
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Fig.  30. — Portion  of  a vertical  section  of  a rabbit’s  cornea,  treated 
by  tbe  j^old  cblorid  inetboil.  X Tlie  (ignre  .shows  the  arrange- 

ment of  tlie  nerves  in  and  under  the  epithelium  of  the  cornea.  ej>, 
Ei)ithelinm  ; intra-epithelial  nerves  ; /m,  lamina  elastica  anterior 
(Howman)  ; «,  larger  nerve  branches;  sea,  .siibepitlielial  nerves;  sip, 
stratum  ])i’o])rinm  corncic. 

Fig.  40. — Vater-Paei Ilian  corpuscle  from  tbe  me.sentery  of  the  cat, 
fi.xed  in  a jilatinum  cblorid-osmic  acid  solution.  X '•h.  The  figure 
gives  a gcmcral  view  of  the  coi'im.stde  and  not  a cross-section,  a,  A.xis 
cylinder  in  the  core;  il%,  core  ; mn,  medullated  nerve-libers  entering 
tile  cor])nscle. 

I'hg.  -11. — lyongitiidinal  section  of  a Ilerbst  corpu.scle  from  a duck’s 
tongue.  X dH().  /(,  Inner  concentric  sbeatlis  ; A-,,  nuclei  of  core  ; k.^, 

nuclei  of  outer  shcatbs  ; ?i,  nerve-liber  (axis  cylinder)  in  the  corpuscle  ; 
vin,  medullated  nerve-liber,  iienetrating  the  outer  sheath. 


ob.sfi’vers  is  reg.inlcd  as  iioiiroplasm,  and  wliidi  is  sur- 
rounded by  a connect ive-tissno  sbeatli,  as  in  the  encapsul- 
ated lamellar  corjiuscles  or  cud-bulbs;  or  the  nerve-libers 
at  their  ends  may  show  jilatc-like  termination.s,  which 
are  found  between  ])eculiar  epithelioid  conned ivc-ti.ssue 
cells  (aceordiiifr  to  some  authors  epithelial  cells),  as  in 
Graudry’s  corpuscles.  In  man,  only  the  former  arc  found. 

Crandn/.s  corpmeh-ff  arc  es])ecially  frequent  in  the  bill 
and  tongue  of  water  birds.  They  consist  of  two  or  more 
large,  llattemd,  spherical  or  iK'misjihericud  ])rotoplasmic 
cells.  Between  the  cells  is  found  the  terminal  distribution 
of  a medullated  nerve-fiber  in  the  form  of  a disc,  like  ex- 
Itansions  of  the  axis  cylinders.  The  number  of  tactile 
discs  is  therefore  always  less  than  the  number  of  the  cells. 
Grandry’s  corpu.scles  possessing  only  two  cells  are  found  ; 
(iorjnisdes  having  four  and  even  more  cells  arc,  however, 
also  met  with. 

The  largest  and  be.st  developed  lamellar  corjm.sdes  of 
the  human  body  are  the  Vater-rarhilan  corpiisr/r.‘<.  They 
are  fiaind  principally  in  the  subcnlaneons  fat  tissue  of  the 
vola  maims,  of  the  finger,  and  of  the  sole  of  the  fool  ; 
also  on  and  in  tendons  and  fibrous  shealhs  of  muscles,  in 
the  periosteum,  in  the  retroperitoneal  region  and  mesen- 
tery, and  in  the  connective  tissue  snrronnding  large  arter- 
ies and  veins.  They  are  especially  large  and  numerous  in 
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the  mesenterv  :iml  mcsorectum  of  the  cat.  They  are 
visible  niacroscopically,  being  two  and  even  four  milli- 
meters in  diametc'r.  The  mednllated  nerve-fiber  enters 
the  corpuscles  and  becomes  non-mcdnllatcd  at  the  boun- 
dary of  the  inner  and  outer  layers  of  the  corpuscle.  The 
axis  evlinder  then  runs  within  a clnb-shajied,  grannlar, 
protoplasmic  mass,  the  so-called  inner  core,  through  the 
axis  of  the  corpuscle,  to  end  in  one  or  several  knob-like 
enlargements.  In  its  course  throngh  the  core  the  axis 
cylinder  gives  off  numerous  short  side  branches.  The 
core,  with  the  central  axis  cylinder,  is  surrounded  by  con- 
centric connective-tissue  sheaths  or  capsules,  which  are 
rich  in  elastic  fibers  and  have  rows  of  nuclei  between 
them.  In  the  neighborhood  of  the  core  the  lamelhe  are 
thin,  but  toward  the  periphery  they  are  considerably 
thicker. 

The  JTerhd  corpnsdcH  of  birds  are  very  similar  to  the 
Vatcr-Pacinian  corpuscles;  they  are,  however,  much 
smaller  and  show  at  the  outer  surface  of  the  core  a sin<>-le 
or  double  row  of  nuclei,  outside  of  which  arc  seen  several 
slightly  wavy,  non-nneleated  lamelhe  resembling  elastic; 
tissue,  and  external  to  these  a few  not  very  well  developed 
connective-tissne  sheaths  with  few  nuclei. 

d'he  spherical  end-bulbs  of  the  eonjumitiva,  Meissner’s 
corpuscles,  and  the  genital  corpuscles  and  similar  nerve- 
endings  form  a distinct  grou]),  ])ossessing  a relatively  thin 
connective-tissne  capsule  surrounding  a semi-lluid  granu- 
lar substance  which  we  may  designate  as  the  core.  One 
or  .sev(>ral  medidlated  nei’ve-fibers  enter  each  corpuscle, 
and,  after  lositig  their  mednllary  sheaths,  nndeigo  repc-ated 
division,  fitrmiiig  munerons  varicose  bi’anehes,  which  are 
v’arionsly  interwove:’  ‘oid  intertwined.  In  I’late  IH,  Fig. 
2,  is  shown  a MeissneFs  corjaiscle,  seen  in  longitudinal 
section. 

The  nerves  of  the  neiironmsenlar  and  nenrotendinoiis 
spindles  branch  sev(‘ral  times  befon;  reaching  their  respec- 
tive spindles  and,  while  still  mednllated,  pass  through  the 
8 
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ca])sule  and  axial  slioath.  The  niednllary  sheatli  is  lost 
witliin  tlie  axial  sheath.  In  the  former,  the  naked  axis 
eyiinders  end  ])artly  in  rings  or  s])irals  and  partly  in 
l)ranched,  Hower-like  endings,  whieh  surround  the  intra- 
fusal inuscle-fibers  in  the  equatorial  region  of  the  spindle. 
In  the  latter,  the  naked  axis  cylinders,  after  branching 
sc'veral  times,  run  along  the  intrafusal  tendon  fasciculi, 
give  off  numerous  side  branches,  whieh  end  in  irregular 
discs,  which  j)artly  enclamj)  the  tendon  fasciculi. 


IV.  BLOOD  AND  LYMPH  VASCULAR  SYSTEM. 

Under  the  blood  and  lymph  vascular  system  we  shall 
consider  the  heart  and  blood-vessels,  the  lymph-vessels, 
lymph-glands  and  .smaller  lymj)hatic  .structures,  and  the 
s))leen  and  thymus. 

The  heart  is  an  cidarged  and  differentially  developed 
j)ortion  of  the  blood  va.scular  .system.  In  it  arc  distin- 
guished the  following  three  layers:  The  inner,  the  endo- 
cardium; the  middle,  the  myocardium;  and  the  external, 
cj)icardium  (see  Plate  16,  Fig.  2). 

The  endocardium  con.sisfcs  of  a layer  of  endothelial  cells 
(see  page  42)  beneath  which  is  found  a relatively  thick  layer 
of  fibi’o-elastic  tissue,  the  ela.stic  tissue  being  here  and  there 
ai’ranged  in  the  form  of  elastic  plates.  Smooth  muscle- 
fibers  are  now  and  then  found  in  the  endocardium.  The 
myocardium  consists  of  transversely  striated  heart  muscle, 
which  occurs  in  .several  layers  of  complicated  arrangement, 
and  in  general  takes  its  origin  from  the  anmdi  fibrosi  in 
the  region  of  the  atrio-ventricular  borders. 

Perimysial  sheaths  of  connective  tissue  envelop  the  fas- 
ciculi of  heart  muscle,  the  fine.st  strands  of  which  sur- 
round the  single  cro.ss-striped  fibers.  This  connective  ti.s- 
siie  .servers  as  the  carrier  of  the  nerves  and  blood-vessels  of 
the  heart  muscile,  and  in  all  essential  points  conducts  itself 
just  as  in  ordinary  cross-strijK'd  skeletal  mu.scle  (see  IMate 
■<4g.  3). 
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The  epicardium,  tlie  visceral  layer  of  the  serous  pericar- 
dium, consists  of  connective  tissue,  beneath  which  occurs 
the  subpericardial  adipose  tissue.  It  is  covered  by  a sin- 
gle layer  of  flattened  niesothelial  cells.  The  heart  receives 
its  nerve-sup})ly  from  both  the  sympathetic  and  cerebro- 
sjhnal  nervous  system.  The  sensory  endings  are  found  in 
the  epicardium  and  pericardium.  The  heart  muscle  re- 
ceives its  innervation  from  syni])athetic  neurones,  the  cell- 
bodies  of  the  majority  of  which  are  situated  in  ganglia 
found  in  the  heart ; others  are  in  ganglia  of  the  cervical 
.sympathetic.  White  rami,  branches  of  the  upper  dorsal 
nerves,  end  in  these  ganglia. 

Like  the  interior  of  the  heart,  all  the  blood- vessels 
are  lined  by  a single  layer  of  flattened  endothelial  cells, 
'fhe  smallest  vessels,  the  (•(ipillaries,  consist  of  an  endothe- 
lial tube ; rarely,  in  the  largc'st  capillaries,  some  connec- 
tive-tissue cells  of  the  neighborhood  arc  joined  to  the  wall, 
forming  an  adventitia  capillaris. 

In  the  capillaries  of  certain  tissues,  the  cell  boundaries 
disa])pear,  forming  a .‘^yncitial  endothelial  tube,  as  for  in- 
stance in  the  glomerular  capillaries  of  the  humau  kiduey. 
The  form  of  the  endothelial  cells  is  elongated,  often  very 
long,  especially  so  in  many  veins;  there  are  no  essential 
and  characteristic  differences  in  the  structure  and  shajie  of 
endothelial  cells  in  fhe  different  portions  of  the  vascular 
system.  The  cell  boundaries  are  best  brought  out  bv 
treatment  with  silver  nitrate,  and  consist  of  s(‘rrated  lines. 
Outside  of  th(!  eiidol  hclial  tube  the  arlcri('s  and  veins  ])os- 
sess  a number  of  sheaths  or  membranes,  which  consist  of 
connective  tissue,  clastic  tissue,  and  smooth  muscle.  These* 

I throe  kinds  of  tissue  are  distributed  in  fhe  vessel  walls  in 
a manner  varying  not  only  in  veins  and  arteries,  but  also 
according  to  the  size  and  caliber  of  the  vessels  coiieerued, 
and  in  veins  aeee»r<ling  to  other  considerations. 

Although,  aeicording  to  mon;  recent  inve'sf igatious,  the 
division  of  the  vessel  wall  info  three  layers — namelv,  the 
tunica  intima,  media,  and  adventitia — cannot  be  strictly 
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maintained,  and  is  oven  to  a eertain  extent  irrational,  we  m 
retain  the  old  classi(ieation  on  account  of  eonvenience  of  f ■ 
deseri})tion.  b 

In  the  structure  of  arteries  we  must  distinguish  large  P 
arteries,  as  the  aorta  and  its  direct  hraiiches,  median  arter-  [ ■ 
i(!s,  from  the  brachial  to  the  digital,  and  small  arteries,  . ; 
Ifom  branches  of  the  digital  to  the  prccapillary  arteries. 

It  is  mainly  in  the  media,  the  structure  of  wliich  is  depend- 
ent on  the  caliber  of  the  arteries,  that  the  structural  dilfcr- 
eiuics  are  manifested,  since  in  the  media  of  the  larger  ves- 
.sels  the  ela.stic  elements  predominate  over  the  muscular, 
while  in  that  of  the  smaller  arteries  the  elastic  elements 
ai'(‘  almost  entirely  wanting. 


Fig  42. — Portion  of  small  artery  from  tlie  hlarlder  of  a frog,  treated  j 
with  silver  nitrate  .solution.  X The  figure  shows  the  enclothe-  ^ 

lial  tube.  Besides  the  nuclei,  we  see  the  cell  boundaries,  blackened  , 

by  the  silver  reliction. 

The  media  of  the  smalled  ])reca])illary  arteries  consists  ' 
only  of  circularly  arranged  smooth  muscle-fibers  in  from  ; 
one  to  three  layers;  in  arteries  slightly  larger,  but  still  ot 
very  small  caliber,  as  for  instance  in  branches  of  the  digi-  i j 
tal  ai'teries,  fine  elastic  libers  are  found  in  the  media.  Ihe  j 
larger  the  artery,  the  greater  is  the  relative  number  ol 
ela.stic  elements;  however,  the  number  of  elastic  elements 
does  not  in  all  arteries  increase  in  ])roj)ortion  to  the  decrease, 
in  (he  muscular  ti.ssue.  The  ela.stic  elements  of  the  media  i 
of  median  arteries  iirc  (piite  uniformly  distributed  in  the,  i 
f()i’in  of  finer  and  coar.ser  filxu’s  between  the  mu.scle-libers|i 
of  the  media,  and  like  thc.se  are  circularly  arranged. 
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the  larger  of  the  median  arteries,  as  the  carotid,  subcla- 
vian, iliac,  the  elastic  tissue  begins  to  be  more  prominent  iu 
the  media,  and  at  the  same  time  eladie  jAatcs  or  fenestrated 
membranes  occur  iu  place  of  the  elastic  fibers  ; these  also 
are  for  the  most  part  arrang(‘d  circularly,  lu  the  aorta  the 
musculature  becomes  uuimportaut  iu  contrast  to  the  elastic 
plates,  which  occur  iu  many  layers  and  make  up  almost 
the  entire  thickness  of  the  media. 

The  intima  shows  less  markr*d  changes  iu  relation  to  the 
caliber  of  the  arteries.  At  the  border  of  intima  and  media, 
all  arteries  of  every  caliber  present  wavy,  elastic  plates,  very 
distinct  and  marked  in  the  smallest  arteries,  the  so-called 
elastic  intima.  In  the  aorta  the  elastic  intima  is  no  longer 
conspicuous,  because  the  entire  media  is  tilled  with  similar 
elastic  ])lates.  In  the  smallest  arteries  this  alone  repre- 
.sents  the  intima,  the  endothelium  resting  directly  upon  it. 
In  the  larger  arteries,  iu  the  small  and  esi)ecially  in  the 
medium-sized  arteries,  there  is  fonud  a layer  of  suben- 
dotlielial  connective  tissue,  consisting  of  fibrous  and  elastic 
connective  tissue  and  connective-tissue  cells. 

The  tanie.a  externa  or  adventitia  of  the  arteries  is  formed 
of  loose  connective  tissue  with  elastic  fibers  and  rarelv  also 
smooth  muscle.  The  smooth  muscle  cidls  are  always  lack- 
ing in  the  large  and  small  arteries,  occurring  occasional Iv 
in  some  median  arteries,  but  then  only  in  the  form  of 
sparsely  distributed  longitudinal  bundles.  In  general  tlu' 
adventitia  of  the  arteries  of  the  human  being  is  free  from 
muscle.  In  certain  mammals  it  is  generally  jiresent;  in 
the  aortji  of  cattle,  for  instance,  it  ocicurs  as  (compact,  longi- 
tudinallv  arranged  bundles.  The  adventitia  is  in  general 
thicker,  the  greater  the  caliber  of  the  artery.  The  elastic 
elements  appear  in  the  main  in  the  form  of  longitudinal 
fibers,  which  are  few  and  fine  in  the  smaller  ai’teries,  more 
abundant  and  larger  in  the  medium-sized  arteries,  in  which 
they  occasionally  form  an  elastiea  externa,  and  are  espe- 
cially w(!ll  developed  in  the  largest  arteries,  like  the  aorta 
and  its  main  branches.  The  adventitia  of  the  latter  and 
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Plate  21.— arteries. 

Fio.  1. — Part  of  a Cross-section  of  a Human  Thoracic 
Aorta.  X 

The  preparation  was  Uiken  from  one  who  had  been  executed. 

The  ligurc  sliows  in  tlie  main  the  elastic  elements  of  the  aortic 
wall.  The  musculature  lying  in  the  spiices  between  the  eUistic 
plates  of  the  media  is  not  stained. 

Technic:  Miiller’s  fluid.  Orcein. 

Reference  letters:  J,  Tunica  intima;  M,  tunica  media,  with 

many  ela.stic  ])lates;  A,  tnnicji  externa  adventitia,  with  vnsavasorum. 

Fi«.  2. — Part  of  a Cross-section  of  the  Human  Arteria 
Radialis.  X 

'I'he  jirejiaration  was  tiiken  from  tissues  fixed  two  and  one-half 
hmii's  after  <leaf  h. 

'I'he  figure  shows  the  lamination  of  the  artery  wall.  The  elastic 
layers  are  stained  dark  red  with  orcein;  the  cell  nuclei,  especially 
those  of  the  circular  musc:le  of  the  media  and  tho.se  of  the  endothe- 
lial cells,  blue  wifh  hematoxylin. 

'rechnic:  Zenker’s  solution.  Orcein-hematoxylin. 

Reference  letters:  a.  Small  artery  of  the  mlventitia;  A,  tunica 

adventitia;  vU,  lamina  ehistica  interna;  J,  tunica  intima  with  the 
endothelium;  M,  tunica  media,  forming  toward  the  adventitia  a kind 
of  elasticii  externa;  vv,  va.sii  vasorum. 


of  its  main  Ifrancho.s  oontiiiiis  a well-developed  network 
of‘  fiber  .stninds  of  lono;itiidifiiil  cour.se. 

Ofdy  :i  few  arteries,  like  the  arteries  of  the  brain,  the 
inner  ela.stic  elenients  of  which  are  strofigly  and  the  outer 
weiddy  develojied,  vary  from  this  tyj)e. 

The  veins  are  much  more  difficult  to  classify  than  the 
arterie.s,  sitice  the  thickne.ss  and  structure  of  their  walls 
depend,  not  alone  on  the  caliber,  but  also  on  other  factors, 
such  as  the  position  of  the  ve.ssels — for  exatnple  the  veins 
found  in  the  extrefiiitics,  in  the  skin,  in  the  abdomen,  or 
in  the  head.  The  veins  of  the  abdotnen  and  of  the  head 
possess  very  little  muscle,  while  the  veins  of  the  .skin  con- 
tain a relatively  large  fiinoutit  of  muscle,  so  that  their 
walls  arc  .scarcely  thinner  than  those  of  the  arteries  of  the 
.same  caliber — for  instance  the  arleries  which  accompany 
them.  In  other  ])laces  the  veins  have  much  thimu'r  walls 
than  the  accompanying  arteric's.  It  may  therefore  he 
seen  that  veins  of  the  .same  caliln'r  may  show  very  ditfer- 
ent  sti’ucture  and  very  diff<'reiit  (hickne.ss  of  walls. 
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In  general  the  veins  contain  fewer  elastic  elements  than 
the  arteries,  and  the  media  is  relatively  poor  in  muscle 
even  in  veins  which  contain  much  muscle,  while  in  other 
veins  it  is  scarcely  demonstrable ; on  the  other  hand,  the 
adventitia  of  the  skin  veins  especially  contains  a consider- 
al)le  (piantity  of  muscle. 

The  inlima  of  the  veins  consists  mostly  of  fibrous  con- 
nective tissue  and  contains  only  a few  elastic  fibei’s.  It 
also  forms  the  valve.'i  of  the  veins.  On  the  borders  of  the 
media,  or  even  within  the  intima,  the  elastic  elements  of 
the  intima  collect  into  an  elastica  interna,  which,  however, 
is  not  so  well  defined  as  in  the  arteries,  nor  has  it  the 
wavy  course,  nor  does  it  occur  in  all  veins. 

The  media  of  veins,  in  so  far  as  it  may  be  differenti- 
ated, contains  the  same  elements  as  that  of  arteries,  con- 
sisting of  circularly  arranged  muscle-fibers  and  elasfic 
fll)crs  or  networks  ; but  it  also  contains  some  connective 
tissue,  so  that  the  muscle  appears  less  compact.  Only  the 
media  of  the  muscular  veins,  however,  is  constructed  in 
this  way  ; in  otliers,  it  is  either  very  mueli  reduced  or 
entirely  lacking,  as  in  the  veins  of  the  abdomen  and  head. 
The  (idoeiilitia  of  most  veins  contains  /oiH/itiidimd  wii.sc/r. 
In  muscular  veins  this  lies  in  large,  compact  bundh's 
between  networks  of  longitudinal  elastic  fibers. 

The  blood-vessels,  at  least  th(>  large  and  median  arter- 
ies and  veins,  but  never  tin*  small  oiu's  and  ca[)illaries, 
contain  blood-vessels  in  their  own  walls,  known  as  vasa 
vasorum.  d'hese  are  to  be  found  mostly  in  the  advc'iititia, 
blit  in  the  very  large  vessels,  as  the  aorta,  we  find  that 
caiiillaries  extend  also  into  the  external  layers  of  the 
media,  while  the  externa  contains  the  small  nutrient 
arteries  and  veins. 

d'he  ncrvc-fiher.'i  of  the  blood-v(‘Ssels  an;  in  ]>art  non- 
medullated  svinpathetii;  libers  for  the  muscle  coats  ; others 
are  mednilated,  sensory  fibers,  which  arc  in  part  distrib- 
uted in  the  intima,  the  majority,  however,  terminating  in 
the  externa. 
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PLATE  22.— BLOOD-VESSELS.i 

Fig.  1.— Cross-section  of  a Muscular  Vein  of  the  Pampini- 
form Plexus.  X >'>0. 

The  iireiKinitiou  was  taken  from  a man  wlio  liad  been  executed. 

The  liyure  siiows  a cro.ss-section  of  a vein  with  longitudinal  muscle 
in  the  adventitia.  Tlie  ela.stic  tissue  is  stained  dark  violet. 

Technic:  Zenker’s  solution.  Weigert’s  elastic  tissue  stain.  Alum- 
earmin. 

Iteferenee  lettei-s  : A,  Tunica  e.xterna  or  adventitia;  J,  tunica  in- 
tima  ; M,  tunica  media  with  circular  musculature  ; //«,  longitudinal 
muscle  of  the  adventitia  ; re,  vasa  va.sorum,  among  them  a very  small 
artery  of  the  wdiher  of  tliat  in  Fig.  4. 

Fig.  2.— Transverse  Section  of  a Larger  Branch  of  the  Inter- 
nal Spermatic  Artery  from  the  Spermatic  Cord.  X80. 

'I'he  ]>rc])aration  was  tidicn  from  a man  who  had  been  executed. 

The  iigurc  shows  a tv])ieal  jiicture  of  a small  median  artery.  The 
media  contains  smooth  muscle  and  very  few  elastic  libers! 

'rechnic  as  in  Fig.  1 . 

Reference  letters  : A,  Tunica  adventitia  ; ci,  lamina elastica  interna ; 
en,  endothelium  ; ./,  intima  ; M,  media. 

Fig.  :L — ^Transverse  Section  of  a Small  Branch  of  the  Inter- 
nal Spermatic  Artery  from  the  Spermatic  Cord.  X 220. 

’The  figure  shows  the  cross-.section  of  a small  artery.  The  intima  is 
reduced  to  the  endothelium  and  the  elastica  interna;  the  media  con- 
sists almost  entirely  of  muscle  ; there  is  a di.stinct  elastica  externa. 

Technic  as  in  Figs.  1 and  2. 

Iteference  lettera  as  in  Figs.  1 and  2;  ee,  lamina  elastica  externa. 

Fig.  4. — Cross-section  of  a Very  Small  Artery  (Precapil- 
lary)  from  the  Corium. 

The  figure  shows  the  picture  of  a very  small  artery.  The  media 
consists  of  only  two  layers  of  muscle-libers. 

Technic  ami  lettering  as  in  Figs.  1-3. 


' The  lyviph-vesf<els  are  in  all  c.sscntiaLs  like  tlie  blood- 
ve.ssel.s  in  structure,  except  tliat  even  the  larp;ost  liave  only 
very  thin  muscular  walls.  The  lyni])h  caiiillaries  proba- 
bly connect  with  spaces  in  the  tissue  in  such  a way  that 
the  latter  rejn'eseut  the  radicles  of  the  lymph- vessels,  as 
for  instance  the  pericellular  spaces. 

Lymphoid  tissue  may  be  divided  into  two  cla.sscs, 
namely:  (1)  True  lymiih-glands,  .situated  in  the  deejier 
connective  tissue;  (2)  lymph  nodules  or  follicle.s,  which 

' In  l.he  rejirod uction  the  red-staiued  muscle  nuclei  arc  represented 
too  large,  csiiecially  in  Fig.  1. 
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are  situated  directly  under  or  in  the  mucous  membranes 
and  in  intimate  relation  with  their  epithelial  coverings. 

The  ftfinph-f/lnnd.'i  lie  in  the  connective  tissue  and  are 
generally  bean-  or  kidney-shaped  bodies  of  difterent  sizes. 
The  atfea’ent  lymph-vessels  enter  the  gland  through  the 
convex  border,  while  the  efferent  vessels  leave  through 
the  hilum  ; through  the  latter  the  nutrient  Wood-rmr/.s' 
also  enter.  The  lymph-glands  are  surround(>d  by  a con- 
nective-tissue capsule  which  oeeasionally  contains  smooth 
muscle-fibers.  It  sends  into  the  interior  of  the  Hand 

O 

proce-sses,  known  as  trabecidcr,  which  branch  and  anas- 
tomose. In  the  anastomosing  com])artments  formed  by 
these  trabeeuhe  there  is  found  a reticular  eounective  tis- 
sue which  is  connected  with  the  trabecula)  (see  page  43), 
and  which  forms  the  stroma  of  the  gland,  while  the  ]>ar- 
euchyma  is  represented  by  lym])h-cells  (see  page  53).  The 
parenchyma  is  so  arranged  that  we  can  distinguish  in 
lym])h-glands  a medullary  and  a cortical  substance. 

The  corticfd  .mh.dance  of  lymph-glands,  situated  mainly 
on  the  convex  surface  of  the  gland,  contains  between  the 
trabecula)  a number  of  spherical  bodies,  the  lymph-nodes 
or  follicles,  or  the  m-ondan/  nodes  of  lymph-glands.  Their 
number  varies  according  to  the  size  of  the  organ.  Occa- 
sionally neighboring  follicles  are  couneeted. 

The  follicles  of  lymph-glands  consist  of  lymph-cells 
(sec  page  57),  which  are  densely  arranged  at  the  periphery, 
while  in  the  center  there  is  a clearer  zone,  the  so-called 
perra  center.  In  the  latter  the  lym|)h-cells  ai’c  larg(>r  and 
show  distinct  signs  of  j)roliferation  by  karyohiiu'sis. 
Around  the  genu  center  the  lymph-cells  are  more  (hmselv 
j»aekcd  and  are  often  arranged  in  (piite  regular  eoiuieutrie 
rows;  the  njtieuhim  of  the  node  is  extremely  fine  and 
delicate. 

Aside  from  the  reticular  eounective  tissue,  the  medul- 
lary substance  of  lytiiph-glands  is  composed  of  irregularly 
arranged  anastomosing  strands  of  lymph  tissue,  known  as 
the  medidlarij  cords  of  lymph-glands.  The.se  originate 
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PLATE  23 -Lymph-gland,  Spleen. 

Fig.  1.— Transverse  Section  of  a Human  Cervical  Lymph- 
gland.  X 18- 

T'lie  iirt'paration  wa.s  taken  from  a man  wlio  bad  been  executed. 

The  ligure  sliows  tlie  general  structure  of  a lymph-gland. 

Technic:  Sublimate.  Hematoxylin-eosin. 

Keference  lettei-s:  hg,  Blood -vessels;  t/,  fibrous  capsule;  H,  hilus; 
A’z,  germ  center;  nl,  lym])h-nodes;  .<w;,  cortiejil  substance;  sm,  medul- 
lary .subshuKH*;  fr,  trabeculuj;  via,  alTerent  lymph-vessels;  vie,  efferent 
lym]tb-ves.sel.s. 

Fig.  2. — Portion  of  an  Injected  Spleen  of  a Rabbit.  X 28. 

The  i)re])aration  was  tjiken  from  the  material  of  the  Institute  for 
Com])arativo  Anatomy,  Wiirzburg. 

ff'he  arterial  trunks  of  the  lymph-nodes  (Mal])ighian  corpuscles)  are 
injected  red,  the  veins  and  s])leen  simises  blue. 

Keference  letters:  a,  Arteries  of  Malpighian  corpuscle;  il/A-a,  Mal- 
l)ighian  corpuscle;  p,  siilecn  imlp. 


from  llie  cortical  substance,  in  whicli  tlioy  are  connected 
witli  the  follicles,  tuid  jiass  through  the  entire  mednllary 
.substance.  Jn  these  there  are  no  germ  centers.  Between 
the  medullary  cords  are  sjiaces,  the  so-called  lymph  sinuses, 
which  are  enlarged  lymph  spaces  interjiolated  in  the  lymph 
current.  The  lymph  sinuses  are  irregular  and  imperfectly 
bounded  space.s,  traversed  by  quite  large  trabeculae  of  retic- 
ular tis.suc,  .so  that  they  have  no  special  wall.  Similar 
sinu.ses  are  found  between  the  cortical  follicles  and  the 
trabeenke  and  capsule.  Lynqih-vessels  or  capillaries  do 
not  jienetrate  the  cortical  follicles. 

The  lyni])h-glands  are  rich  in  hlood-vcHucls,  the  capil- 
laries of  which  are  distributed  in  the  mednllary  cords  as 
well  as  in  the  cortical  follicles. 

Mednllated  and  non-mednllated  werre.9  reach  the  lymph- 
glands;  the  former  are  no  doubt  sen.sory,  although  their 
mode  of  ending  has  not  been  fully  determined;  the  non- 
rnednllated  fibei’s  are  destined  for  the  non-striated  muscle 
in  the  ca|)snle  and  the  vc.^^sels. 

The  Ijfviph  vodnlm  or  foUieJes  appc'ar  in  two  forms:  (1) 
As  .so-called  Kolitary  fol/iclcft  (nodiili  lynqihatiei  solitarii), 
find  (2)  as  (KjmiiKdcd  fo//ir/cx.  ddie  former  are  widely  di.s- 
tribnted  in  mneous  membranes,  while  the  latter  oeeur  in 
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Peyei’’s  patches  or  the  agminated  glands  and  in  the  tonsils. 
In  structure  they  are  in  the  main  like  the  cortical  follicles 
of  lymph-glands;  they  show  no  medullary  cords  nor  lymph 
sinuses  and  also  no  connective-tissue  capsule;  they  often 
contain,  however,  germ  centers.  The  solitaiy  follicles  and 
agminated  glands  are  connected  with  lymph-vessels  through 
lymph  spaces  or  imperfectly  developed  lymph  sinuses  sur- 
rounding them  and  are  in  intimate  relation  with  the  super- 
ficial epithelium  (see  page  139).  These  structures  will  be 
considered  more  fully  in  the  description  of  the  digestive 
tract. 

It  is  very  probable  that  the  smallest  of  these  structures 
are  not  permanent,  but  continually  form  and  disappear. 
^\"e  see,  therefore,  all  transition  stages  from  diffuse  lym- 
phatic tissue  (see  page  53)  and  a distinctly  circumscribed 
collection  of  lymph-cclls  to  the  fully  developed  lymph- 
node  with  germ  center. 

The  1 lem/jljimph  GlawJfs. — Certain  lymph-glands,  known 
as  hemolymj)h  glands,  are  characterized  by  the  ]>resence 
of  blood  sinuses  and  present  structural  jicculiarities, 
necessitating  a separate  de.scri]>tion.  Ilemolymph  glands 
are  numerous  in  the  retroperitoneal  region  and  are  also 
found  in  the  j)rcvert(!bral  region  of  the  thorax  and  neck. 
As  has  been  shown  by  AVarthin,  these  glands  may  be 
divid(‘d  into  two  distinct  tyj)cs,  to  whicli  lu*  has  given  the 
names  of  splenolymph  and  marrow-lym])h  glands,  although 
transitional  forms  between  tliese  two  types  are  met  with, 
as  also  between  lymph-glands  and  hemolymph  glands. 
The  splenolymph  glands  resemble  in  strnclure  the  spleen. 
I'hey  possess  relatively  thick  lil)ro-elastic  capsules  contain- 
I ing  now  and  then  non-striat(?d  muscle  tissue.  Ijcneath 
the  capside  is  found  a well-developed  blood  sinus,  whicli 
now  and  then  surrounds  the  gland  tissue,  and  from  which 
anastomosing  sinuses  penetrate  the  gland  and  separate  the 
lymjihoid  tissue  into  irregularly  shajied  masses.  The 
lymphoid  tissue  ri'semlih's  that  found  in  lymph-glands. 
3 he  marrow-lymph  glands  are  not  .so  numerous  as  the 
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PLATE  24.— Spleen. 

Fig.  1. — Portion  of  Section  of  Human  Spleen.  X 15. 

The  iirejiiinition  was  taken  from  one  who  had  been  executed. 

T'lie  lifjnre  Ki'  es  a general  view  of  the  structure  of  spleen. 

'Pi'clinic:  Zenker’s  Iluid.  I leinatoxylin-eosin. 

Iveferencc  It'ttei's:  a,  Arteries  in  part  with  lymphoid  sheaths; 
e/',  lihrous  ea])snle;  Kz,  g(‘rm  centers;  3Jk,  Malpighian  corpuscles; 
//t,  s|)leen  i>nlp;  Ir,  trahecuhe;  v,  vein  in  trabecula. 

I'lG.  — Cross-section  of  Malpighian  Corpuscle  of  Human 
Spleen.  X !<•<•. 

'reehnic  and  lettering  as  in  Fig.  1. 


spli'iiolyiiipli  gland, s.  Tlicy  po.s.se.s.s  a tliin  fibrous  capsule, 
eonlainiiig  little  ela.slic  or  niuselo  tissue.  The  blood 
siiiu.ses  are  not  so  well  develojU'd.  In  the  l^unphoid 
tissue  the  cosinophilous  and  basojihile  cells  are  more 
numerous  than  in  the  other  type.  Large  cells  similar  to 
those  found  in  bone-marrow  are  now  and  then  met  with, 
as  well  as  cells  containing  fragments  of  erythrocytes. 

'fhe  spleen  is  surrounded  by  a hrm  fibrous  capmie, 
consisting  cT  libro-elastic  connective  tis.sue  and  containing 
a few  non-striated  muscle-tibcr.s,  and  is  covered  by  the 
peritoneum.  The  capsule  sends  into  the  gland  numerous 
(rabeculuj  of  similar  structure,  which  branch  and  anasto- 
mose to  form  the  framework  of  the  gland.  The  vessels 
ol‘ the  spleen,  and  especially  the  veins,  are  associated  with 
this  framework.  Profe.ssor  F.  F.  INIall  has  recently  shown 
that  the  trabecular  and  vascular  sy.stems  together  outline 
masses  of  spleen  ti.ssue,  about  1 mm.  in  size,  to  which  the 
name  of  spleen  lobule  has  been  given.  Laeh  lobule  is 
bounded  by  three  main  trabeculae,  known  as  interlobular 
trabeciihe,  which  are  ]iarts  of  the  general  trabecailar  sy.s- 
tem  of  (he  s])l('(*n  ; fi’om  ('ach  of  the.se  arise  three  intra- 
lobular trabeeuhe  which  by  anastomosis  form  an  intra- 
lobular framework,  dividing  the  lobule  into  about  ten 
smaller  compartments.  The.se  eompartments  are  oeeu|)ied 
l>y  a cellular  tissue  known  a.s_  ]»(//>,  arranged  in  the 

form  of  anastomosing  columns  or  e,ords,  known  as  pulp 
cords  and  consisting  of  a librous  reticulum,  resulting  Iroiu 
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the  furtlier  division  of  the  trabecular  system,  in  the 
meshes  of  wliicli  are  Ibimd  tlie  spleen  cells.  Between  the 
pulp  cords  there  is  found  an  anastomosing  system  of 
venous  spaces.  A terminal  branch  of  the  sj)lenic  artery 
enters  at  one  end  of  the  lobule  and,  passing  up  the  center, 
gives  off  branches  to  the  spleen  jadp  in  each  of  the  eom- 
]>artments.  In  each  compartment  this  arterial  branch 
divides  repeatedly,  the  terminal  branches  coursing  in  the 
pulp  cords  and  giving  otf  nuuierons  small  branches,  which 
expand  to  form  the  ampulla)  of  Thoma ; these  are  only 
partly  lined  by  endothelial  cells,  the  wall  of  the  remain- 
ing ])ortion  being  formed  by  the  reticulum  of  the  spleen 
pulp.  The  ampulhe  of  Thoma  are  in  communication  with 
the  venous  spaces  between  the  pulp  cords.  These  venous 
spaces  are  the  beginnings  of  the  intralobular  veins,  which 
in  turn  empty  into  the  interlobular  veins  associated  with 
the  intei’lobular  trabeenhe.  Throughout  the  spleen  the 
veins  are  found  in  the  trabeenhe,  through  which  they 
leave  the  spleen  at  the  hilum.  The  branches  of  the 
splenic  artery  enter  the  s])l('cn  at  the  hilum  and  for  a dis- 
tance are  found  in  the  trabeenhe;  after  leaving  the  tra- 
becidie  the  arterial  branches  divide  repeatedly,  ibrming  a 
large  number  of  tuft-like  arterioles.  Soon  after  leaving 
the  trabeenhe,  the  adventitia  of  the  arterial  branches 
a.ssumes  the  character  of  lyrnjdioid  tissue,  which  is  Inu’e 
and  there  increased  to  form  true  lymph  I'ollicles  with  germ 
centers.  Thest;  are  the  spleen  vodvles  or  follicles,  or  the 
Malpighian  cor])Uscles,  and  in  them  the  arteny  has  gener- 
ally an  excentric  ])osition.  Between  the  trabeenhe  and 
-Malpighian  corpuscles  is  observed  the  s])leen  pulp.  The 
larger  vessels,  especially  the  veins,  are  found  in  the  tra- 
beeida). 

In  the  meshes  of  the  reticulum  of  the  s])lecu  pulp  are 
found  red  blood-cells  with  now  and  then  nncleated  f()rms, 
the  various  kinds  of  ]ym])hocytes  and  leukocytes,  and 
especially  a relatively  larger  ])roportion  of  mononuclear 
leukocytes  ; large  mononuclear  cells  containing  red  blood- 
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PLATE  25 —Thymus. 

Fig.  1. — Portion  of  a Cross-section  of  the  Thymus  Gland 
of  a Fourteen-month-old  Child.  X 20. 

'The  (igure  .shows  a general  view  of  the  thymus  ^vith  its  lobules  and 
connecting  cords. 

Technic  : Miillcr’s  fluid.  Almn-carinin. 

Kefcrence  letters:  hg,  Blood-vessels;  cll,  Hassal’s  corpuscles;  Uh, 
thymus  lobules  ; medullary  cords  ; sc,  cortical  substance  ; sm, 

medullary  substance. 

Fig.  2. — Hassal’s  Corpuscles  from  the  Thymus  of  an  Adult. 
X 220. 

'I'he  ])re]iaration  was  taken  from  a twenty-two-year-old  man  who 
had  been  executed. 

Within  the  still  well-developed  thymus  tissue  the  figure  shows 
lla.s.sd’s  c()rj)u.scles  with  the  cells  in  part  nucleated. 

T’echidc  : Zenker’s  .solution.  1 leinatoxylin-eosin. 

Reference  letters : c/r,  Epithelial  nuclei ; UK,  llassal’s  corpuscles  ; 
Ic,  leukocytes  ; It,  lymphoid  tissue. 


corpuscles  occur;  these  cells  are  often  jiigmentcd,  anti  in 
carnivora  are  seen  large  polynuclear  giant-cells,  similar  to 
tlio.se  found  in  the  bone-inarrow. 

There  arc  but  few  li/m])k-v&%sels  in  the  spleen.  Afferent 
lyin])h-ve.s.sels  are  entirely  lacking;  efferent  lyinph-vesfeels 
occur,  but  pour  their  lymph  into  the  .sp/enic  sinusefi,  which 
are  therefore  filled  with  blood  and  lymph. 

The  S})leen  contains  numerous  non-meduUaied  nerves, 
which  enter  at  the  hilum  in  the  form  of  small  trunks  and 
are  no  doubt  vascular  nerves.  A few  medullated  nerve- 
fiber.s,  jirobably  sensory  nerves,  have  also  been  traced  into 
the  .spleen. 

The  thymus  is  a lymjihoid  organ,  which  is  at  first  c})i- 
thclial  and  represents  a typical  gland.  In  the  course  of 
development  lymph-cells  take  the  place  of  the  glandular 
epithelium,  which  degenerates,  with  the  exception  of  some 
epithelial  remains.  In  this  way  an  organ  dcveloji.s,  the 
'jKirenehyma  of  which  is  form(‘d  by  lymphoid  cells  as  in  the 
lymph-glands  and  spleen,  the  form  of  an  cjiithelial  gland 
being,  however,  retained. 

Connective-tissue  (rabeciilic  .sc'jiarate  a number  of  larger 
lobes  from  each  other,  which  are  conneeted  by  solid  cords 
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I of  cells,  the  so-called  medullary  cord.s.  The  larger  lobes 
I are  more  or  less  completely  divided  by  connective-tissue 
I septa  into  smaller  lobules,  which  in  form  resemble  the 
: terminal  divisions  of  alveolar  glands.  Each  of  these 
I lobules  of  the  thymus  consists  of  an  outer  cortical  and  an 
i inner  medullary  substance;  generally  several  lobules  are 
I connected  by  means  of  the  medullary  substance.  The 
I cortical  substance  consists  in  the  main  of  closely  packed 
I lymphoid  cells;  the  medullary  substance,  of  more  loosely 
arranged  cells  and  peculiar  clear  bodies,  which  gen- 
erally show  a distinctly  concentric  lamination,  with 
nucleated  cells  in  the  interior ; these  are  known  as 
Ilassal’s  corpuscles.  They  are  regarded  as  the  epithelial 
remains  of  the  original  epithelial  gland.  Likewise,  epi- 
thelial nests  may  be  occasionally  found  in  the  medullary 
cords,  which  consist  mostly  of  lymphoid  cells.  These 
I cords  are  the  excretory  ducts  of  the  former  glands,  changed 
I to  lymphoid  tissue. 

j Tlie  thymus  is  the  only  lym])hoid  organ  which  has  no 
[ follicles  with  germ  centers.  As,  nevertheless,  mitotic 
divisions  can  be  observed,  it  must  be  assumed  that  tlie 
thymus,  like  the  lymph-glands  and  the  spleen,  .serves  for 
the  new  formation  of  lymphocytes  and  leukocytes.  It  is 
also  thought  that,  as  in  the  red  bone-marrow,  red  blood- 
corj)uscles  are  formed  in  the  thymus.  The  thymus  attains 
its  highest  development  in  childhood  ; later  it  is  traversed 
by  much  fat  ti.ssue,  but  is  often  still  well  preserved  in  the 
adult. 

The  thymus  receives  many  hlood-vcsscls,  which  form 
ca|)illaries  in  the  medidlary,  as  W(!ll  as  in  the  cortical  sub- 
stance. lyfiiiph-vr.sscls  are  also  found  ; tiu'se  form  simrscs 
in  the  cortex  of  the  lobules. 
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V.  THE  DIGESTIVE  ORGANS. 

The  origans  of  tlie  digestive  system  comprise  a tubular 
stnietim',  the  digestive  tract  or  intestinal  canal,  which 
begins  at  the  month  and  ends  at  the  anus,  and  the  glands 
asscKuatod  with  it. 


ss 


Fig.  43. — Diagram  of  digostive  tract:  cp,  Fpitliclinm;  gim,  glands 
of  mucous  mcmhraiie;  ;/Ik,  glands  of  suhmucosa;  giiii/,  ganglion  of 
myenteric  plexus;  (/mii,  ganglion  of  sulmiueons  j)l(‘xus;  L,  lumen;  Im, 
longitudinal  muscle;  mni,  mnscularis  mucoste;  rm,  circular  muscle; 
•s,  .serous  coat;  mi,  submucosii;  .s,s,  snbserosji;  Ip,  mucosji. 


The  following  layers  or  coats  arc  na-ognized  throughout 
the  entii'e  extent  of  the  inlcxlimtl  canal:  (1)  d'he  mucous 
membrane,  Innlca  mueemt,  consisting  of  (u)  tlie  ('pithclium, 
(6)  the  tunica  j)ropi-ia,  which  may  contain  straight  or 
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branolu'd  tubular  glands  and  the  ducts  of  glands  lying  in 
the  subniueosa,  as  well  as  solitary  lymph-nodes,  and  (c)  the 
muscularis  mucoste,  consisting  often  of  several  layers  of 
non-striated  muscle.  These  three  constituents  of  the 
mucous  membrane  are  closely  associated  and  take  common 
part  in  the  formation  of  its  folds. 

2.  Beneath  the  mucosa  is  found  the  .s»//Hmcosa,  consisting 
mainly  of  loose  connective  tissue.  In  it  are  found  the 
larger  blood-vessels  and  nerve  trunks  for  the  mucous 
membrane;  in  the  duodenum  it  contains  the  secreting  por- 
tions of  Brunnei’’s  glands,  and  in  the  greater  portion  of  the 
intestinal  canal  a portion  of  the  solitary  and  aggregated 
lymph  nodides,  and  also  adipose  tissue.  Owing  to  the 
loose  character  of  its  tissue,  the  dislocation  of  the  mucous 
membrane,  formation  of  folds,  etc.,  are  rendered  possible. 

•3.  External  to  the  submucosa  is  the  ?7i«.sc/c  (mu.s- 
cidaris),  which  is  formed  of  non-striated  muscle  and  often 
of  several  layers,  generally  of  an  inner  circular  and  an 
outer  longitudinal;  between  the  two  layers  the  muscular 
nerves  form  a plexus  with  ganglia. 

4.  The  muscle  layers  are  covered  by  the  ncrom  layer, 
which  has  on  its  surface  a layer  of  mesothelial  cells.  Under 
the  .serosa  there  is  loose  connective  tissue,  the  sub.sero,sa. 


THE  ORAL  CAVITY. 

The  mucous  membrane  of  the  oral  cavity  is  lined 
throughout  with  stratified  s(piamous  epithelium  resting  on 
a ])a])illated  muco.sa.  In  some  portions  of  the  mouth  the 
])apilhe  are  verv  high  and  project  into  the  (‘|)ithclinm, 
cs|)eeially  over  the  r/mm  and  at  the  red  maryin  of  (he  lips. 

Since  the  mucous  membram!  of  the  mouth  is  not  mov- 
I able  on  its  underlying  portions,  as  in  the  hard  |)alate,  the 
I .submucosa  is  often  forimsl  of  a closely  woven  connective 
tissue,  which  is  firmly  attached  to  the  underlying  tissue, 
as  for  instance  the  periosteum  of  the  palate.  A iimurularL'i 
piurmce  is  lackiny  in  the  mucous  membrane  of  the  entire 
9 
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Plate  26.— Lip. 

Sagittal  Section  through  the  Upper  Lip  of  a Man.  X 6. 

The  preiwiration  wius  tiikeii  from  a man  wlio  liad  been  executed. 
Tlie  figure  sliow.s  the  layers  of  the  lip  under  low  magnification; 
Hkin,  mu.seulature,  and  mucous  membrane,  with  the  labial  glands. 
'Pcehnie:  Miiller’.s  solution.  1 lemaloxylin -eosin. 

Keferemie  letters:  a,  Arteria  lahialis  su]K>rior;  gtl,  labial  glands; 
hr,  red  portion  of  lip;  mou,  musenlns  orbicularis  oris;  p,  hairs;  ip, 
tunica  jiropria,  mucous  membrane  of  the  li]). 


nioiith  cavity.  Tlie  .suhinucosa  contains  tuhnlo-acinons 
glands,  the  li|)  glaixls,  palatal  glands,  etc.  These  will 
receive  consideration  at  another  place. 


THE  TEETH. 

The  trrlh  arc  of  ectodermal  origin  and  may  be  regarded 
as  epidermal  ap])cndages;  they  are  not  developed  from  the 
entoderm  as  are  the  pharynx,  glands  and  epithelium  of 
the  intestinal  canal,  as  the  portion  of  the  month  cavity 
developed  from  the  oral  pit  in  which  the  teeth  arc  formed 
does  not  originally  belong  to  the  anlage  of  the  intestines. 
Certain  of  the  lower  vertebrates  have  teeth  in  the  skin. 

The  teeth  are  exceedingly  hard  strnctnres,  dilfcrcntiated 
from  epithelium  and  embryonic  connective  ti,ssue.  They 
contain  in  the  interior  a narrow  space  ojicn  toward  the 
apex  of  the  root  of  the  tooth,  the  tooth  pulp.  Besides  a 
few  delicate  eonnective-ti.ssue  fibers,  the  latter  contains 
mainly  the  nerves  and  blood-vessels  of  tin'  tooth  and  also 
a single  layer  of  cubical  cells  forming  the  lining  of  the 
pulp  cavity,  which  are  arranged  like  epithelinin  and  are 


Fig.  41. — Longitudinal  seetion  of  a molar  tooth  of  man.  X 
The  figure  gives  a general  view  of  the  strnclnre  of  the  tooth.  The 
])iil|)  cavity  is  not  cut  its  whole  length  in  the  two  roots  seen  in  the 
.seel  ion.  \Ve  recognize  the  thri'e  main  elements  of  the  tooth — dentine, 
enamel,  and  eementnm — and  tlieir  division  into  crown  and  root.  On 
iU'count  of  the  low  magnification,  the  interglobular  siiaces  ap]iear  only 
as  a dark  zone  on  the  surface  of  the  dentine.  Cemeutuni;  I>,  den- 
tine;  T,  jnilp  cavity;  S,  enamel. 


Tab.26. 
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closely  related  to  the  osteoblasts  of  bone.  They  are  here 
characterized  as  odontohlasia. 

The  tootli  i)roper  consists  of  three  substances,  of  which 
one,  the  enamel,  is  of  epithelial  origin  ; the  other  two,  the 
dentine  and  cenientum,  are  of  connective-tissue  origin;  tlie 
dentine  forms  the  main  mass  of  the  tooth.  Enamel  and 
dentine  are  tissues  which  (Ktcnr  only  in  the  tooth  ; the 
cementum,  on  the  other  hand,  is  bone  tissue.  In  the  three 
macroscopically  distinguishable  })ortions  of  the  tooth — the 
crown,  the  neck,  and  the  root — the  three  substances  are 
so  disposed  that  the  dentine  occupies  the  interior  of  the 
tooth  ill  the  crown  as  well  as  in  the  root,  but  nowhere 
reaches  the  surface  of  the  tooth,  while  the  enamel  covers 
the  dentine  in  the  crown  and  ceases  gradually  toward  the 
neck,  and  the  cementum  forms  a narrow  layer,  beginning 
at  the  neck  where  the  enamel  terminates  and  increasing  in 
thickness  toward  the  root. 

Dentine  (substantia  eburnea)  resembles  osseous^  tissue 
in  that  it  consists  of  a calcified  ground  substance  with 
calcified  filirilhe,  and  of  fine  canals,  the  dentinal  tubules, 
which  radiate  from  the  pulp  cavity.  Dentine  differs  from 
osseous  tissue  in  that  it  contains  no  cells  and  no  blood- 
vessels. In  the  dentinal  tulailes  are  found  tlie  processes 
of  the  odontolilasts,  the  dentinal  jihern,  which  penetrate 
them  for  a variable  distance.  The  fibrils  of  connective 
tissue  in  the  calcified  ground  sulistance  of  the  dentine  are 
arranged  mainly  in  tlie  direckion  of  tlie  long  axis  of  the 
twth.  The  dentinal  tubules  or  canals  are  fine  canals,  4 [i 
in  width  at  their  opeiiiiig  into  (he  jmlp  cavity,  which,  near 
the  outer  limits  of  the  dentine,  divide  sevi'ral  times  at  an 
acute  angle,  and  finally,  giving  off  very  fine  lateral 
branches,  lose  themselves  at  the  limits  of  the  substance 
in  fine,  blindlv  ending  brauehes. 

In  the  region  of  the  crown  of  the  tooth,  not  far  from 
the  boundary  line  between  deutiiie  and  enamel,  there  are 

’ The  osseous  tissue  of  the  teleosts  is  essentially  a vascularized 
dentine. 
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Fip.  45.— Cross-section  of  a human  canine.  X i^5.  Tlie  figure  shows 
under  low  jiower  the  relation  of  the  dentinal  tubules,  of  the  granular 
layer  (small  intcrgiohularsi)accs)  and  of  theeementuni.  In  thecemen- 
tUTu  we  rc.eogni/.e  numerous  bone  s])aces;  the  dentinal  tubules braneh 
toward  the  granular  layer.  C,  Cementum;  1),  dentine;  K,  granular 
layer;  J\  root  canal  (imlp  cjivity ). 

Fig.  4(). — I’ortion  of  the  crown  of  a longitudinal  section  of  a 
human  ])remolar.  X 200.  The  figure  shows  the  structure  of  a tooth 
at  the  border  of  enamel  and  dentine.  In  the  region  of  the  dentine 
two  larger  and  two  smaller  intcrglobular  spaces  are  shown.  The 
dentinal  libers  branch  and  fork  and  with  their  processes  pass  beyond 
the  limits  of  the  enamel.  In  the  figure,  the  enamel  jirisms  show 
jiartly  wavy  curves  and  partly  alteinating  .stripes  of  darker  and 
lirighter  iirisms  (the  iiarallel  stripes  of  Jtetzius).  7),  Dentine;  Dk, 
dentinal  tulmles ; ./y,  intcrglobular  spaces;  S,  enamel;  Sp,  enamel 
prisms. 

h'ig.  47. — Portion  of  a longitudinal  section  of  the  root  of  a human 
molar  tooth.  X 200.  "J'he  ligure  .shows  the  structure  of  the  boundary 
bi'twecn  dentine  and  eementum.  In  the  cementum  distinct  bone 
sjiaces  witli  bone  tvinaliculi  are  .seen.  Tbe  dentinal  tubules  here  show 
csjiecially  numerous  divisions  and  lateral  branches.  The  granular 
layer  .shows small,  irregular  Interglobular  spaces.  C,  Cementum;  D, 
dentine;  Dk,  dentinal  tubules;  K,  granular  layer  (small  interglobular 
spaces);  Klf,  bone  spaces  of  theeementuni. 


found  irregular  .sjiace.s  lioundcd  by  spherical  surfaces  (in 
uudecalcified  tooth  .sections),  which  probably  consist  of 
dentine  which  has  remained  uncalcified.  The.se  arc  very 
variable  and  arc  designated  as  hitercjlobular  spaces.  Similar 
but  much  smaller  spaces  are  found  at  the  borders  of  the 
dentine  and  cementum  ; they  arc  beyond  the  ends  of  the 
dentinal  tubules  and  form  here  a continuous  limiting  layer 
between  dentine  and  cementum  known  as  Tomes’  granular 
lager. 

The  enamel  consists  of  long  six-sided  jirism.s,  the  so- 
called  enamel  jirisms,  3— G fi  in  width,  united  by  a small 
amount  of  (icment  substance.  The  enamel  jirisms  arc  not 
straight,  but  jircsent  wavy  borders,  and  rim  through  tlic 
entire  tliicknc.ss  of  the  enamel,  ddicy  appear  structure- 
less, though  occasionally  they  .show  strialion  and  may 
be  regai’dcd  as  jictrilicd  epitl'iclial  cells.  They  contain 
almost  no  organic  substance  (3—5  per  cent.)  ami  dissolve 
entirely  in  mineral  acids. 


Fig.  45- 
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The  surface  of  the  enamel  is  covered  by  a structureless 
membrane,  the  cuticida  dentis. 

The  cementmn  presents  the  structure  of  osseous  tissue, 
usually,  however,  without  show’ing  the  distinctive  struc- 
ture of  compact  bone — that  is,  without  blood-vessels, 
Haversian  canals,  and  concentric  lamella'.  Only  very 
large  teeth  have  lamella)  in  the  cementum,  as  those  of  the 
larger  mammalia.  Then  we  find  also  Haversian  canals. 
In  man,  lamella)  only  very  rarely  occur.  ^Miere  the 
cementum  is  thinnest,  as  in  the  neck,  bone -corpuscles 
may  be  wanting. 

The  blood-vessels  and  nerves  of  the  tooth  are  found  in 
the  ])ulp.  The  dentine  is  a tissue  which  is  entirely  free 
from  blood-vessels  and  nerves,  and  the  cementum  is 
usually  non-vascular.  The  enamel  may  be  regarded  as  a 
dead  substance,  which  undergoes  no  metabolism  and  needs 
no  nourishment. 

As  has  been  previously  stated  (see  page  1 30),  the  teeth 
diiferentiate  ])artly  from  the  e])ithelium  of  the  oral  cavity 
and  partly  from  tlie  connective  tissue  of  the  mucosa.  The 
process  of  tooth  development  is  introduced  by  the  ej)ithe- 
lium,  which  projects  into  the  underlying  connective  tissue 
in  the  form  of  a continuous  ridge,  the  enamel  lede/e,  ])arallel 
to  the  margin  of  the  jaw  and  not  yet  divided  into  tooth 
anlagen.  This  apjH'ars  at  the  end  of  the  se(!ond  month  of 
embryonal  life. 

Soon  after  the  appearance  of  the  enamel  ledge  there  are 
found  in  certain  places,  which  cori'cspond  in  position  and 
number  to  the  deciduous  teeth,  collc(;tions  of  connective- 
tissue  cells  undc'i’  the  (‘pithelial  ledge  ; at  the  same  time 
opposite  these,  nodular  enlargements  of  th(!  enamel  h'dge 
appear,  the  anlagen  of  the  so-called  enamel  nn/an.'t,  while 
the  collections  of  conneetivc  tissue  cells  represent  the  an- 
lagcn  of  the  denthad  jiajidl(e. 

With  sitnultancous  eidargement  of  the  enamel  organ  and 
of  the  dentinal  papilla  by  which  the  former  niore  and  more 
surrounds  the  latter  in  llie  shape  of  a cap,  there  is  a con- 
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PLATE  27— Tooth  Development. 

Fig.  1. — Frontal  Section  through  the  Tongue  and  Lower 
Jaw  of  a Three-month  Human  Embryo  (First  Stage  of  De- 
velopment of  Tooth').  X 

'I'lie  (i{iiiro  hIiows  tlu-.  cross-section  of  the  tongue,  of  Meckel’s  carti- 
lage, of  tlie  hone  aniagen  of  the  lower  jaw,  of  the  two  dentinal  ridges 
of  the  lower  jaw,  with  the  tooth  aidagen. 

'rcchnic ; Picrin-sid)liinate.  Carinin-heinatoxylin-eosin. 

liefcron(!c  letters;  jl/,  Meckel’s  cartilage;  ?a,  anlagc  of  lower  jaw; 
]}(1,  ])a)iilla  of  tooth;  who,  enamel  oi'gan;  Z,  tongue. 

Fkj.  2.— Portion  of  a Cross-section  of  the  Tooth  Aniage 
of  a Six-month  Human  Embryo  (Third  Stage  of  Tooth  De- 
velopment). X ir)0. 

The  ligiire  shows  the  formation  of  dentine  oti  the  part  of  the  odon- 
toblasts and  of  enamel  on  the  ]>art  of  the  enamel  cells.  The  enamel 
]>risms  are  still  separated  by  a relatively  large  amount  of  intercellular 
substanee. 

'J'echnic:  Miiller’s  fluid-formalin.  lfemato,\ylin-eosin. 

Ueferenee  l(•tteI•H:  «.s,  F.xternal  enamel  cells;  />,  dentine;  ep,  enamel 
e))ithelium  (inner  enamel  cells);  od,  odontoblasts;  ^ul,  papilla  of  tooth; 
/S',  enamel;  up,  enamel  pulp. 


sti'ic.tion  and  .sepai’idion  of  (lie  several  tootli  aniagen  from 
lli('  eominon  enamel  ledgt',  so  that  after  a certain  stage  of 
(le.veloj)inent  the  tooth  aniagen  are  connected  to  the  ledges 
hy  a cord  of  (!|)ithelial  cells.  After  the  atilage  of  a de- 
ciduous tooth,  consisting  of  enamel  organ  and  dentinal 
])a|)illa,  is  formed,  this  ja’ocess  is  begun  anew  at  the  free 
lower  edge  of  the  enamel  ledge  for  the  formation  of  the 
aniage  of  the  pnunancnt  tooth. 

4'he  e])ithelial  enamel  organ,  surrounding  in  ca)i-like 
fashion  the  connective-tissue  dentinal  pajiilla,  consists  of 
a layer  of  cylindric  cells  with  distinct  cuticnlar  border 
resting  on  the  connective-fi.ssne  jiapilla,  the  so-called 
innev  enamrl  celk,  and  an  outer  layer  oi’ llattened  cells,  the 
outer'  enamel  cclh.  Bc'tween  these'  two  layc'i’s  is  found  a 
tissue  consisting  of  jx'cnliarly  modilied  stellate  ejiithelial 
cells  with  a re'latively  large  ainonnt  of  inneoid  intercellular 
snl)stance,  designated  the  enamel  pii/j>.  As  the  tooth  de- 
velops, the  enamel  ]>nlp  gradually  di,sa]i])ears. 

4’he  (lonneeti vc-tissii(' e/nd/are/ papilla,  on  the  other  hand, 
consists  of  mesciK^hymal  tissue  rich  in  cells,  the  iipjeer  layer 
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of  which  is  formed  of  cells  arranged  like  epithelium,  the 
odontobla.'its. 

The  entire  anlage  of  the  tooth  is  surrounded  by  a con- 
nective-tissue membrane,  the  so-calh‘d  dentinal  sac. 

The  dentine  and  enamel  are  developed  as  follows  : The 
odontoblasts  excrete  dentine  on  the  surface  turned  toward 
the  enamel  oroau  in  a wav  similar  to  that  in  which  the 
osteoljlasts  produce  boue.  The  formation  of  enamel  now 
begins  by  the  excretion  of  enamel  on  the  lower  end,  that 
turned  toward  the  dentinal  papilla,  of  the  cells  constituting 
the  inner  layer  of  enamel  cells,  which  now  show  them- 
selves as  enameloblasts,  since  each  separate  cell  forms  a 
gradually  elongating  prism  of  enamel,  in  its  beginning 
known  as  Tomes’  process.  The  several  prisms  are  sepa- 
rated at  first  by  large  amounts  of  cement  sulistance.  Young 
dentine  and  young  enamel  are  thus  contiguous.  Tlie 
further  development  of  the  two  main  hard  substances  of 
the  tooth  now  goes  on  in  sucli  a -way  that  the  process 
reaches  its  highest  devclo])ment  at  the  apex  of  the  den- 
tinal papilla,  so  that  the  apex  of  the  crown  and  the 
crown  itself  are  formed  first.  The  enamel  pulp  is  gradu- 
ally resoiTed  and  its  place  taken  by  the  growing  tooth. 
The  inner  enamel  cells  with  their  cuticular  borders  form 
the  cuticula  after  the  enamel  formation  is  completed  and 
the  cells  are  destroyed.  The  outer  enamel  cells  siilfer  the 
same  fate,  ddie  to(»th  ])ul])  is  formed  from  the  remains 
of  tlie  connective  tissue  ])apilla.  The  cementum  arises  from 
an  ossification  of  the  lower  ])ortion  of  the  denlimd  sac. 
The  development  of  the  permanent  teeth  is  similar  to  that 
of  the  deciduous. 

Wlien  the  enamel  and  dentine  formation  has  reached  a 
certain  stag(!,  the  c])ithelial  cord  betwecMi  the  tooth  anlage 
and  the  enamel  ledge  disapjK'aiv.  Remains  in  the  f'orm 
of  cellular  strands  arc  f)ften  retained  for  some  time  and 
form  stratified  ej)itliclial  lj(Klies,  the  .so-called  glanduhe 
tartaricte. 
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Plate  28.— tooth  Development. 

Fio.  1. — Lonj^itudinal  Section  of  a Deciduous  Tooth  Aniage 
of  a Four-month  Human  Embryo  (Second  Stage  of  Develop- 
ment of  Tooth).  X 40. 

The  ligure  sliow.s  a deciduou.s  Imiiian  tooth  aniage  before  the  begin- 
ning of  the  formation  of  dentine  and  enamel.  On  the  free  edge  of 
the  enamel  ledge  we  see  the  anlagt;  of  the  ])ermanent  tooth. 

Teehnie:  IMcrio  acid  snhlimate.  Hematoxylin-eosin. 

Reference'  letters:  ax,  External  enamel  cells;  d.^,  aniage  of  per- 
manent tooth;  cp,  ei)ithelinni  of  mouth  cavity;  ix,  internal  enamel 
cells;  k,  aniage  of  boneof  lower  jaw;  pd,  dentinal  papilla;  sp,  enamel 
pul));  Zx,  dentinal  sjic. 

Fm.  “i. — Longitudinal  Section  of  the  Aniage  of  the  Decidu- 
ous Tooth  and  of  the  Permanent  Tooth  of  a New-born  Child 
(Fourth  Stage  of  Development  of  Tooth).  X 10. 

'Phe  figure  gives  a general  view  of  an  older  tooth  aniage  with  well- 
advanced  dentine  and  enamel  formation,  besides  the  aniage  of  the 
])ei-manent  tooth  in  the  stage  of  Fig.  1.  The  latter  is  connected  by 
remains  of  the  enamel  ledge  with  the  epithelium  of  the  mouth  cjivity. 

Technic:  Midler’s  fluid  and  formalin.  Jlemato.xylin-cosin. 

Reference  letters:  D,  Ih'iitine;  I)^,  decidxmus  tooth  aniage;  D^^, 
aidage  of  jxermanent  tooth;  cp,  e])itlielium  of  mouth  cavity;  gt,  glan- 
dula  tartarica;  K,  bone  of  lower  jaw;  pd,  pa])illa  dentis;  S,  enamel 
partly  separated  from  the  enamel  epithelium  attheleft;  sp, enamel  pulp. 


THE  TONGUE. 

The  tongue  consists  largely  of  striated  muscle  tissue 
surrounded  by  a mucous  membrane  which  is  firmly 
attached  by  means  of  an  ajDoneurotic  submucosa  (fascia 
lingiue).  We  distinguish  in  the  tongue  an  anterior  papil- 
lary and  a posterior  ton.sillar  portion.  In  tlie  anterior 
papillary  portion  there  are  found  in  man  three  forms  of 
papillse, — papillae  filiformes,  papilla;  fungifornies,  and 
papilhe  circumvallata;.  It  is  a misnomer  to  desig- 
nate the  projections  on  the  tongue  as  papiU(v;  they 
are  villi,  which  may  themselves  bear  papilhe.^  Tlie  fili- 

* By  the  term  papilla  is  understood  an  arching  of  fhe,  connective 
tissue,  for  instance  of  the  corium  of  the  shin  into  the  ciiithclium, 
without  changing  the  superficial  ])lane  of  the  cjxithelinm.  ^ ^ illi,  (xn 
the  other  hand,  are  structures  of  the  mucous  membrane,  which  project 
above  the  surface  and  consist  of  conneefive  tissue  and  eixithelium.  In 
the  skin  there  are  normally  no  villi;  when  they  arise  (warts  and  con- 
dylomata),  they  are  pathologic. 
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form  and  funtriform  papillfe  occur  together  on  the  entire 
papillary  portion  of  the  tongue,  while  the  circumvallate 
papillae  are  found  in  limited  number  near  the  tonsillar 
region.  ^ 

The  ixipilhe  fiUfovmeft  consist  of  a connective-tissue 
fundament  rich  in  elastic  fibers  and  of  a thread-like  or 
conical  form.  This  is  covered  by  a thick  epithelium,  the 
superficial,  flattened  cells  of  which  arc  arranged  in  many 
layers  and  form  slender,  partly  corniiied  projections.  They 
are  the  most  numerous  of  the  lingual  pa})ill£e.  Usually 
they  show  three  high  secondary  ])a})ilke  and  on  the  surface 
a varying  number  of  processes  of  horny  cells. 

The  pajjill(C  fungiformes  have  a broad  connective-tissue 
foundation,  with  several  often  quite  bi’oad  and  generally 
not  very  high  secondary  papillte  on  the  surface ; their 
epithelial  covering  usually  presents  a relatively  smooth 
outer  surface.  Transition  forms  between  the  papillae  fili- 
formes  and  the  papillae  fungiformes  are  met  with. 

The  pdpilke  circumvallakc  have  the  form  of  the  fungi- 
form papilhe,  except  that  they  arc  larger  and  are  sur- 
rounded by  an  c})ithelial  and  connective-tissue  wall,  wdiich 
bears  no  papilhe.  Secondary  pa])ilhc  are  found  on  the 
uj)pcr  and  usually  on  the  lateral  surfaces.  These  are 
generally  relatively  few.  The  connective-ti.ssue  founda- 
tion of  the  ])apilke  circumvallatie  contains  many  nerve- 
fibers  and  also  .scattered  ganglion-cells  or  grou])s  of 
ganglion-cells  (.sec  Plate  31,  Pig.  1).  Numerous  taste 
buds  or  gu.statorv  organs  are  embedded  in  the  epithelium 
covering  the  latenil  surface  and  the  wall  sumuinding  the 
l)a[)illa;  circumvallahe. 

’ The  ))aj)illiu  foliatie,  which  are  quite  well  (lcvch)|)C(t  at  the  .side 
f)f  the  tonene  in  many  mammalia,  arc  (niite  rmlimentary  1ti  man; 
they  are  structures  cunsistiiic  of  a nnmhcr  of  i>arallel  folds  of  t.lu^ 
mucous  memhraiie  and  contain  numerous  Uiste  organs. 
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PLATE  29— TONGUE. 

Fio.  1.— Transverse  Section  through  a Lingual  Tonsil  of 
Man.  X 

'I'lie  j)n‘imnition  was  taken  from  a man  M’ho  laid  been  executed. 

Tlie.  lignre  gives  a genn-al  view  of  a lingual  tonsil.  The  epithelium 
of  the  tonsillar  crv))t  contains  nnmerons  leukocytes. 

'rechnic:  Midler’s  fluid.  Ifematoxylin-cosin. 

Keferenee  letters:  />’//,  'Ponsillar  cryjit;  d,  excretory  duct  of  gland; 
vp,  e])ithelium ; a/,  lymph-nodes  with  germ  center. 

Fin.  ‘J. — Part  of  a Transverse  Section  of  the  Anterior  Por= 
lion  of  tlie  Human  Tongue.  X ‘Ni. 

'Phe  ])re]iaration  was  taken  from  fresh  tissues,  fixed  two  and  one- 
half  hours  after  death. 

'Phe  figure  shows  transverse,  .sections  of  filiform  and  fungiform 
jiapilhe. 

'Peehnio:  Midler’s  fluid.  Hematoxylin-eosin. 

Keferenee  letters:  m,  Musculature;  p,  secondary  papillai;  pfi,  jiapil- 
hc  liliformes;  pfu,  ]ia])ilhc  fungiformes;  /p,  mucous  membrane;  mn, 
Hiibmucosa  (fascia)  lingiuu  ; m,  muscle. 


THE  ADENOID  STRUCTURES  OF  THE  TONGUE  AND  OF 

THE  PHARYNX. 

Tlie  adenoid  stnictin'e.s  of  tlii.s  region  belong  to  the 
cla.ss  of  .smierlicial  lymph  nodules  (see  page  122).  They 
are  jiartly  .solifari/  folliclei^,  as  in  the  wall  of  the  papillte 
eireunivallatte,  partly  and  most  frequently  agminated  fol- 
licles. The  latter  form  on  the  tongue  the  so-called  lingiud 
— follicnli  lingnale.s — and  also  the  true  to9f.st7.s. 

The  Ungual  tonmLs  are  flat,  wart-like  elevation.s,  which 
show  in  tiie  middle  a narrow  hut  quite  dec]>  dejiression, 
the  tomillay  crypt.  The  walls  of  the  cry[)ts  consist  of  lymph- 


PLATE  30.— TONSILS. 

Transverse  Section  through  the  Pharyngeal  Tonsil  of 
Man.  X fij- 

'Phe  ])re)iaration  was  takem  from  a man  who  had  been  executed. 

'Phe  figure  shows  in  longitudinal  section  the  jiharyngeal  tonsil  with 
its  crypts,  the  lymphatic  tissue,  the  connective-tissue  septa,  and  the 
surrounding  ])alatal  muscle. 

'Pechnic  : Zenker’s  .solution.  Hematoxylin-eosin. 

Keferenee  letters:  lo/p,  Arcus  glosso-jialatinns;  ep,  ciiithelium;  /f, 
fossula  tonsillaris ; 31,  transversely  striated  muscle ; yl,  lymph 

nodules;  S,  connective  tissue  sejita;  xt,  remains  of  the  tonsillar  sinus. 
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atic  tissue  with  follicles  ami  germ  centers,  which  are  sharply 
limited  from  the  surroumliiig  connective  tissue  of  the 
mucosa  of  the  tongue  and  from  the  mnsculatiu’e.  The 
crypt  is  covered  by  the  stratified  pavement  epithclinm  of 
the  surface  of  the  t(mgne ; the  latter  is,  however,  Ijroken 
through  in  many  j)laces  l)y  the  leukocytes  which  are  wan- 
dering out. 

The  jjhari/nr/eal  tonsih  are  of  similar  structure,  contain- 
ing, however,  a much  greater  number  of  lymph-nodes. 
Its  lymphatic  tissue  is  sharply  separated  from  the  closely 
adjacent  muscle  and  from  the  mneons  glands  of  the  palatal 
arches.  From  the  mneons  membrane  ]>ass  out  many 
irregularly  formed  crypts,  often  widened  at  the  base  and 
provided  with  ont-ponchings,  the  cryjdH  or  fame  of  the 
tonsil.  All  these  are  surrounded  hy  lyni})hatic  tissue,  with 
secondary  m)des  and  germ  centers,  and  lined  by  stratified 
pavement  (‘i)ilhelinm.  Connectivc-tis.sne  .sep/a  extend 
from  the  underlying  tissue  of  the  tonsil  into  its  Ivmphatic 
tissue,  so  that  cacli  crypt  or  fossa  has  a \vall  consisting  of 
one  layer  of  sc'condarv  nodules.  The  tonsil  is  thus  divided 
by  tlic  connective-tissue  .septa  into  a nnmi)cr  of  separate 
c()mpartments. 

In  the  tonsils,  as  in  all  lym[)liatic  tissues  which  are  in 
connection  witli  flic  epithelium,  we  can  oh.serve  the  c/roiiih 
(Old  iiiir/rntion  of  flic,  tnikoci/tr-'i  throtn/li  thr 
This  ])roccss  a|)pcars  more  distinct  where  it  is  connected 
witli  a stratified  c|)itliclium  and  where  tlu'  Icnhocvtes 
wander  through  in  large  nnmlicrs ; tliis  is  the  ca.'^e 
in  the  tonsils.  In  the  tonsillar  crypts,  certain  areas 

of  the  stratified  epithelium  contain  no  leukocytes  ; in  soni(‘ 
regions  the  leukocytes  are  found  singly  between  tlie 
epithelial  cells,  while  in  others,  groups  of  lenkoevtcs 
are  found  in  the  epithclinm  ; finally  areas  occur  when' 
the  leukocytes  wander  through  in  such  numbers  that  th(‘ 
epithelium  is  entirely  filled  by  them  and  only  a few  groups 
<tf  C])ithelial  cells  are  to  be  seen  between  large  massc's  of 
leukocytes.  In  this  jirocc.ss  the  |)apillic  of  the  mneons 
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PLATE  31— TONGUE. 

Fig.  1.— Transverse  Section  through  a Papilla  Circumval= 
lata  of  the  Human  Tongue.  X40. 

'I'he  ))repai-ation  was  takcMi  from  tissue  fixed  two  and  one-half  hours 
after  death. 

T'hc  figure  shows  the  structure  of  the  circumvallate  papilla,  taste 
huds,  and  the  serous  glands  surrounding  it. 

T(‘elmic:  Zenker’s  solution.  Heinatoxylin-eosin. 

Reference  letters:  d,  Excretory  duct  of  gland;  9,  ganglion-cells; 
f/Ner,  serous  glands;  f/Ao),  taste  huds;  m,  transversely  striated  mu.scle- 
lihers;  n,  nerve-lihers  of  the  glo.s.sopharyngcal  nerve;  .secondary 
jiapillie;  Rf,  circular  furrow  around  the  circumvallate  papilla;  Rw, 
circular  wall  of  the  pai)illa. 

Fig.  2. — Transverse  Section  through  a Portion  of  the 
Mucous  Membrane  of  a Tonsillar  Crypt.  X 220. 

The  jireparation  was  taken  from  one  who  had  been  executed. 

The  figure  .shows  the  wandering  of  the  leukocytes  of  the  mucous 
memhrane  through  the  e])ithelinm.  At  the  left,  a few  leukocytes  in 
the  e))ithelium;  in  the  middle,  there  are  several  groups,  and  at  the 
right  the  e])ithelium  is  so  filled  with  leukocytes  that  the  epithelial 
cells  are  found  in  the  form  of  nests.  The  ba.sement  memhrane  of  the 
eiiithelium  can  no  longer  he  distinguished  at  the  right. 

Technic:  Zenker’s  solution,  llematoxylin-eosin. 

Reference  letters:  dvp,  Desijuamated  ejiitlielial  cells  in  the  tonsillar 
crypt;  op,  eiiithelium;  opr,  epithelial  remains;  I,  leukocytes; fy,  lymph- 
oid tissue  of  the  mucous  memhrane;  .r,  leukocytes  wandering  into 
the  lumen. 

nicmhrane  first  di.sajipear ; tlicn,  on  account  of  the  masses 
of  leukocytes  contained  in  it,  the  epitlielium  increases  in 
thickness,  and  in  jilaces  where  tlie  number  of  leukocytes 
exceeds  the  number  of  epithelial  cells,  the  sharp  boundary 
line  between  the  epithelium  and  the  lymphatic  tissue  of  the 
mucous  mcmltrane  disajijicars. 

The  blood-vessels  of  the  tongue  are  very  abundant  and 
end  jiartly  in  the  musculature,  partly  in  the  mucous  mem- 
brane. The  capillary  networks  of  the  latter  are  found 
princij):dly  in  the  secondary  ])a])illa!,  where,  in  tongues 
which  are  not  coated, — fliat  i.s,  when  the  superficial,  jiarlly 
dcsfpiamated  cidls  have  been  removed, — they  shine  tlirough 
from  their  ex|)osed  ])osition,  imjiarling  the  normal  redness 
lo  lh(“  tongue.  The  capillaries  also  form  networks  around 
the  glands  and  pass  into  the  tonsillar  tissue. 

ddie  li/iiij)/i-vessels  of  the  longue  are  most  abundant  in 
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tlie  tonsillar  portion  and  form  here  a superficial  network 
which  surroniuls  the  lymph  nodules. 

The  nerves  of  the  tongiie,  especially  the  branch  of  the 
glossopharvngeal  going  to  the  circu  nival  late  papillre,  show 
small  ganglia  in  their  course.  The  tongue  receiv(‘S,  be- 
sides the  motor  nerves  and  the  nerves  ending  in  the  taste 
buds,  branches  of  the  lingual  nerves  which  terminate  in 
repeatedly  branched  endings  in  the  epithelium. 


THE  ESOPHAGUS. 

The  esopJuif/iis  has  tliroughont  a stratified  pavement 
epithelinm  with  jiajiillai.  The  tnniea  propria  of  the 
mucous  membrane  is  composed  of  fibro-elastic  connective 
ti.ssue  and  contains  small  lymph-nodes,  which  are  occa- 
sionally situated  around  the  excretory  ducts  of  the  glands. 
The  rnuHcnlaris  inucos(c  is  very  well  (h'velojied  and  consists 
almost  entirely  of  longitudinal  bundle.s.  The  entire 
mucous  membrane,  with  the  museularis  mucosay  shows 
marked  folds  in  the  collajised  condition  of  the  organ. 

The  snhinuco.'<a  of  the  eso|)hagus  is  composed  of  very 
liKise  connective  tissue,  which  often  contains  fat;  in  it  are 
found  small  mucous  (/lands  and  the  larger  nerve  bundles  and 
blood-vessels  for  the  mucous  membraii(>.  The  excretory 
ductsof  theghmds  piercic  the  museularis  mucosic  and  mucosa 
in  which  they  are  often  surrounded  by  lymph  follicles 
and  open  through  tin;  stratified  pavement  epithelium  into 
the  lumen.  Serous  or  mixed  glands  are  occasionally 
found. 

Aside  from  the  mucous  glands,  there  also  occur  in  the 
esoj)hagiis  (|uitc  constantly  glands  which  have  the  char- 
acter of  the  fundus  glands  of  the  stomach  ; these  are 
found  espe  ially  in  the  region  just  before  the  junction  with 
the  stomach,  and  are  therefore;  known  as  cardiac  (/lands; 
occasion, dly  thev  occair,  however,  in  other  poi'tions  of  the 
esophagus  and  more  freeiucntly  in  the  upper  portion. 

The  muscle  of  the  esophagus  varies  in  different  regions. 
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PLATE  32— ESOPHAGUS. 

Transverse  Section  of  the  Human  Esophagus  at  the  Level 
of  the  Middle  Third.  X 10. 

'I'lic  i)rci)iirati()ii  was  takc'ii  from  a man  who  had  hc(>n  executed. 
Tlic  figure  sliows  a general  view  of  tlie  structure  of  the  esojiliagus. 
The  muscle  is  eom])osed  of  a mixture  of  smooth  and  striped  fibers. 
Teelinic:  Miiller’s  fluid.  1 lemato.xyliu-eosin. 

Keferenee.  letters:  ep,  Ei)ithelium;  ///,  mucous  glands  of  the  suh- 

mueosii;  A,  lumen;  A»i,  longitudinal  muscle;  arm,  museularis  mucosa;; 
111,  l.vini)h-node;  Rm,  circular  muscle;  urn,  suhmueosii  with  fat-cells, 
hlood-ve.s.sel.s,  some,  longitudinal  bundles  of  .smooth  musele  at  the 
limits  of  the  circular  muscle;  (a,  tunica  ad  ventitia;  Ip,  tunica  jiropria. 


In  the  tipper  ])()rtion,  about  one-third,  it  is  coinpo.sed  of 
transversely  stritited  elements;  in  the  middle,  of  smooth 
and  striat(!(l ; and  in  the  lower  third,  entirely  of  the 
non-sfri:iled  vttriely.  It  shows  a distinet  inner  circular 
and  outer  longiludintil  layer.  The  mnsele  is  surrounded 
on  the  outside  by  eouueetive  tissue,  which  forms  an  in- 
distinctly bounded  iidventitia. 


PLATE  33.— ESOPHAGUS,  STOMACH. 

Fio.  1. — Portion  of  a Transverse  Section  of  a Human 
Esophagus.  X 1^. 

Tlie  ])rci)aration  was  tiiken  from  one  who  had  been  executed. 

The  figure  shows  all  the  layers  of  the  widl  of  the  e.sophagus.  The 
musculature  consists  of  smooth  and  striiicd  fibers  mixed.  Tn  the 
mucous  membrane  a .solitary  lymph-node  is  found  and  mucous  glands 
in  the  submuco.sji. 

Technic:  Muller’s  fluid.  ITemato.xyliu-co.sin. 

Reference  letters:  ep,  Epithelium;  gl,  glands;  ghn,  non-striated 
longitudinal  mu.scle;  Im,  longitudinal  muscle  ( tran.sverscly  striatedi; 
mm,  muscidaris  mucosic;  nl,  solitary  lymi)h-node;  rm,  circular  muscle 
(mixed);  .swi,  submucosa;  (p,  tunica  ]>rojiria. 

Fid.  2. — Vertical  Section  of  the  Wall  of  the  Stomach  in 
the  Region  of  the  Pylorus.  X 20. 

d'he  ))rc])aration  was  taken  from  a man  wbo  bad  been  executed. 

1’he  figure  gives  a general  view  of  fhe  layers  of  the  wall  of  the 
stomach.  The  miusius  membrane  contains  long  cryjits  and  short 
blanched  and  twisfed  glands,  as  well  as  lymjih-nodes. 

'rechnic  as  in  Fig.  1 . 

Reference  letters:  a,  Artmy  of  the  subimuasa;  fg,  gastric  crv])ts; 
31,  museularis;  m,  mucosji;  mm,  museularis  mucosic;  nl,  lymiih-nodesj 
«;/i,  submucosa. 
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THE  STOMACH. 

The  wall  of  tlie  stomach  shows  in  general  tlie  same 
layers  as  that  of  tlie  esophagus,  with  the  addition  that  tlie 
stomach  is  covered  hy  peritoneum  ; so  that  a serosa  and 
snbserosa  are  added  to  the  layers. 

The  epithelium  of  the  surface  of  the  stomach,  which  also 
lines  the  crypts  in  which  the  glands  terminate,  is  colnmnar  ; 
I cells  are  covered  with  mnens  on  the  side  toward  the  free 
surface  and  probably  produce  miiciis  like  the  goblet  cells 
(see  page  35). 

The  tunica  projmia  of  the  stomach  is  eomjioscd  mainly 
of  tubular  e/lands  which  open  into  the  crypts  ; only  a rela- 
tively small  amount  of  interstitial  tissue  is  found  between 
them.  Tlie  shape  and  structure  of  the  glands  in  the 
region  of  the  body  of  the  stomach  (cardiac  portion,  fniidns, 
and  body)  differ  from  those  observed  in  the  portion  to- 
ward the  pylorus.  AVe  accordingly  distinguish  fnndu>i 
f/landa  or  ejlanduhe  pastriea’.  propriee  and  pyloric  glemds. 
There  is,  however,  no  sharp  lioundary  line  between  the 
two  regions,  but  a gradual  transition  of  one  tvjie  of  gland 
into  the  other.  As  the  glands  form  the  main  jiortion  of  the 
mucous  membrane,  they  inpiress  upon  it  tlu'ir  tvjiical 
character,  so  that  we  may  speak  of  the  fundus  mucous 
membrane  and  the  |)vloric  membraiK'. 

In  the  fundvM  reyion,  the  gastric^  crypts  are  smaller  and 
shorter  in  jiroportion  to  the  thickness  of  the  mucous 
membraue  tlian  in  the  jiyloric  regimi  ; the  glands  of  the 
fundus  region  are  niiu'li  le.ss  branched  and  the  tubules  are 
but  little  coiiv'oluted  excejit  at  the  base.  Anastomosis 
between  neighboring  glands  has  been  observed. 

The  fundus  glands  contain  two  kinds  of  cdls — chief 
I'  cellx  and  parietal  ccUh.  The  formei'  may  be  regarded  as 
I continuations  of  the  surface  e|iithelium  ; they  are  rehilivelv 
i small  and  of  nearly  cubical  shape.  The  jiarielal  celln  ari' 
I large,  round,  or  irregularly  polygonal  cells,  have  a dis- 
I tinctly  granular  protoplasm,  and  stain  inteirsely  with  the 


144 


THE  DIGESTIVE  ORGANS. 


PLATE  34— STOMACH. 

Fio.  1. — Transverse  Section  through  the  Mucous  Mem- 
brane of  the  Fundus  Region  of  the  Stomach— General  View. 
X 4;'). 

Tlie  ])r(‘i)iiration  was  taken  from  a man  wlio  liad  been  executed. 

Tbe  ligure  give.s  a general  view  of  the  mucosa  of  the  stomach  in 
the  fundus  region.  recognize  the  relation  of  tlie  gastric  crypts,  of 

the  glandniic  gastriciu  propriic,  and  in  tliese  tlie  di.strihution  of  the 
parietal  ccdls  (stained  yellowish-red). 

Technic:  Zenker’s  solution.  1 lematoxylin-orange. 

Kefcrcnce  lettem  for  Figs,  l-ll:  Ixj,  ]{lood-ves.sels;  parietal  cells; 
Cf//,  neck  of  gland;  f<j,  gastric  cry])t;  fyl,  fundus  of  gland;  gif/,  body 
of  gland;  whi,  m uscu laris  mucosic;  nl,  solitary  lyinjih  nodule. 

Fiuh.  2 AN!)  3. — Glands  of  Stomach  under  Somewhat  Higher 
Magnification.  X HO. 

Fig.  2 .shows  a distinct  forking  of  a stomach  gland;  Fig.  3 a gland 
cut  almost  the  entire  length.  Jloth  jirejiarations  show  tlie  distribu- 
tion of  the  jiarieial  cells  (reddish-yellow,  hz)  and  chief  cells  (blue). 

Technic  ami  lettering  as  in  l^ig.  1. 


ucitl  anil  in  <lyo.s.  Tlic  parietal  cells  arc  found  abundantly 
between  the  cliit'f  cells,  whieh  they  may  eijnal  in  numbers 
or  even  exceed  in  the  so-called  neck  of  the  gland — that  i.s, 
tbe  jKirtion  opening  into  the  cry|)ts ; in  the  body  of  the 
gland  they  arc  .scattered,  and  in  the  somewhat  enlarged 
and  .slightly  convoluted  gland  fundus,  but  few  are  found. 
The  latter  jiortion  of  the  gland  is  therefore  formed  almost 
entirely  of  chief  cells.  Between  the  chief  cells,  intercel- 
lular and  in  the  ])arictal  cells,  intracellular  secretion  capil- 
laries are  found  (see  page  3G). 

The  pyloric  glands  ojien  into  relatively  wide,  and  deep 
crypts.  The  glands  are  shorter  than  tho.se  of  the  fnndns 
region ; they  are  more  branched  and  more  convoluted, 
especially  at  the  base.  They  contain  only  one  form 
of  cell,  similar  to  the  chief  cells  of  (he  fnndns  glands. 
Occasionally,  however,  .scattered  ])arietal  cells  are  found  in 
this  region.  The  portion  of  the  mneons  membrane  of  the 
stomach  not  occii|)i('d  by  glands  i.s  lilhvl  by  reticidar  con- 
nectiv^e  ti.ssne  rich  in  lymph-cells,  into  which  single  mn.scle- 
flb(‘rs  of  the  mn.scidaris  muco.sic  extend. 

The  lymph-cells  form — more  frequently  in  the  pyloric 
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region — collections  of  solitary  nodes,  which  are  situated 
chiefly  in  the  deeper  layer  of  the  mucous  membrane. 
In  the  muscularis  mucoi^ce  of  the  stomaeh,  two  layers  can 
be  distinctly  recognized — a cireular  and  a longitudinal 
layer.  The  suhmucum  is  like  that  of  the  esophagus ; it 
is  composed  of  loose  connective  tissue,  with  many  ehcstic 
fibers  and  some  adipose  tissue.  It  also  contains  the  blood- 
vessels and  nerves  for  the  mucous  membrane.  Tlie  mus- 
cular coat  of  the  stomach  consists  of  smooth  muscle, 
which,  ill  the  main,  is  arranged  in  two  layers,  an  inner 
circular  and  an  outer  longitudinal  layer.  To  this,  how- 
ever, is  added  the  radiation  of  the  musculature  of  the 
esophagu.s,  wliich  complicates  the  lamination  of  the  mus- 
cular coat  of  the  stomach. 

The  serosa  of  the  stomach  is  covered  by  a layer  of 
mesothelial  cells. 

THE  SMALL  INTESTINE. 

In  its  whole  course  tlie  small  intestine  show's  in  general 
a very  uniform  structure  and  tlie  same  lamination  as  the 
.stomach.  Tliis  is  comjilicated  only  in  tlie  upper  jior- 
tion  of  the  intestine  by  the  duodenal  glands.  The  mucous 
membrane  of  the  small  intestine  is  characterized  by  the 
jirescnce  of  villi  (see  jiage  l.'lfi).  The  villi  are  high  and 
large,  and  at  the  same  time  somewhat  flatteiu'd  at  their 
beginning  in  tlie  dtiodennin  (occasionally  they  begin  in  the 
stomach  close  to  the  pylorus),  and  extend  to  the  valviila 
colica.  4'hc  villi  of  the  ileum  are  miieli  smaller  and  more 
conical.  They  consist  of  slender  ]irocesses  of  miieous 
membrane,  which  are  cov(‘red  by  epithelium.  The  ej)i- 
theHuui  of  the  entire  intestinal  canal,  from  the  jivlorns  to 
the  amis,  is  a simple  eohiiniiar  epithelinm  with  striated 
cnticniar  border  (see  page  d.'>).  'flic  form  of  tlu*  cells, 
more  especially  at  the  apex  of  the  villi,  is  geiu'rallv  jiris- 
matie.  (lohlet  cells -Aso  oeenr  in  varying  imniber  (see  |iage 
35).  Both  forms  of  cells  arc  found  in  the  bcirinnino-  of 
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PLATE  35.— Stomach,  Duodenum. 

Fi(i.  1.— Portion  of  a Tangential  Section  of  the  Mucous 
Membrane  of  the  Human  Stomach  (Fundus  Region).  X 300. 

Tlie  ])re])iiration  wa.s  taken  from  a mail  who  had  heoii  executed. 

3'lie  ligure  sliows  tlie  IransverHe  sections  of  five  fundus  glands  and 
the  ndation  of  the  chief  and  j)arietiil  cells  to  the  lumen. 

'I'eehuic;  Zenker’s  solution.  1 lematoxylin-eosin. 

Reference  letters  for  Phgs.  1 and  2:  bz,  Parietal  cells ; liz,  chief 
cells;  /,  lumen;  ju-ocess  of  lumen  between  the  i)arietal  cells;  fj),  con- 
nective-tissue cells  of  the  tunica  ])ro])ria. 

Fi(!.  2. — Portion  of  a Longitudinal  Section  of  a Fundus 
(iland.  X 300. 

Legend  and  lettering  a.s  in  Fig.  1. 

Fici.  Portion  of  a Transverse  Section  of  the  Human  Duo= 
denum.  X 10. 

'The  ))re])aration  was  taken  from  a man  who  had  been  exeeuted. 

'I'he  ligure  shows  the  relation  of  the  duodenal  glands  (Brunner), 
of  the  villi,  and  the  lamination  of  the  intestine. 

3’echnic:  Pota.ssium  chromate  and  formalin.  Hematoxylin-eo.sin. 

Reference  letters:  (/Id,  Duodenal  glands  (Brunner) ; y/j,  inte.stinal 
glands  (Lieherkiihn) ; y.sHi,  ganglion  of  the  submucous  plexus;  M, 
muscnilaris  (circular  and  longitudinal  layers);  mm,  miiscularis  mu- 
cosie;  3Iu,  mucous  membrane;  SM,  submucosa;  vi,  villi;  X,  places 
where  the  duodenal  glands  have  broken  through  the  mmscularis  mu- 
cos;  u. 


the  .short  tuhular  gland.s,  tlie  gltinds  of  Lieberkiihn,  which 
lie  in  tlie  tunica  ]iro])ria  of  the  small  inte.stine.  Under  the 
epithelium  is  a strnctnrele.ss  ha.sement  membrane,  which, 
as  it  occasionally  contains  distinct  nuclei,  is  probably  of 
connective-tissue  origin.  The  epithelial  cells  in  the  lower 
]iortion  of  Lieberkfihn’s  glands,  the  deejiest  cells  forming 
the  real  fnndns  of  the  gland,  show  a distinct  granulation 
of  their  protoplasm  .similar  to  that  of  gland-cells  (see  jiage 
35),  (irobably  a preliminary  stage  of  the  .secretion 
(zymogen,  so-calh'd  Pemeth^s  (rlLn).  The  adjoining  cells 
generally  show  mitotic  division,  more  often  seen  in  (he 
small  intestine  than  in  the  large  inte.stine.  The  nuclei  ot 
the  cells  undergoing  mitotic  cell  division  always  lie  near 
(h(!  hnnen  of  the  gland.  The  resulting  cell  ])roliferation 
serves  the  purpose  of  regenerating  the  inte.stinal  c]>i- 
thelinm,  in  tliat  (he  cells  are  ])n.‘^hed  from  the  depths  of 
the  gland  toward  the  surface  of  the  villi.  The  cells  thus 
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pusliecl  up  serve  to  replace  the  goblet-cells  which  degen- 
erate. It  sliould,  however,  be  remembered  that  the  evac- 
uation of  the  secretion  of  a goblet-cell  does  not  necessitate 
its  degeneration  ; on  tbe  contrary,  it  is  more  than  jirobable 
that  there  is  no  relation  between  the  number  of  mitoses  in 
the  intestinal  glands  and  the  number  of  goblet-cells; 
rather,  when  the  number  of  the  lattia-  increases,  the  number 
of  the  former  decreases.  In  the  ciliated  epithelium  of  the 
resj)iratory  tract,  the  goblet-cells  are  often  very  abundant, 
while  mitoses  are  entirely  lacking. 

The  tunica  jjropria  of  the  small  intestine  is  a reticular 
connective  tissue  and  tills  the  interstices  between  the  in- 
testinal glands  or  glands  of  Lieberkiiliu  and  forms  the 
greater  portion  of  the  villi.  In  the  long  axis  of  tbe  latter 
lies  the  a.viid  villous  space  or  the  central  chyle  vessel,  the 
radicle  of  the  lymph-vessels  of  the  small  intestine ; the 
villi  also  contain  blood  capillaries  and  some  non-striated 
muscle-tibers,  which  extend  from  the  mnscularis  mucoste 
into  the  villus  (see  Plate  39).  The  portion  of  the  tunica 
propria  lying  between  the  intestinal  glands  as  well  as  that 
of  the  villi  is  rich  in  leukocytes. 

44ie  rauscularis  mucoscc  of  the  small  intestine  is  well 
develo|)(,‘d  and  consists  usually  of  two  layers,  an  inner 
circular  and  an  outer  longitudinal. 

The  submucosft  of  the  small  intestine  consists  of  loose 
connective  tissue  and  in  it  are  found  blood-vessels  and  a 
nerve  plexus  (see  below).  Ihne  vascular  processes  of  tlic 
snl)mucosa  ])rf)ject  into  tbe  ])lic(c  circulares  (Kcrckring’s 
folds)  formed  of  tlie  entire  mucous  membrane,  including 
the  mnscularis  mucosa*. 

The  muscular  coat  of  the  small  intestine  is  arranged  in 
two  distinctly  separated  layers,  an  inner  circular  and  an 
outer  longitudinal.  4'lie  latter  is  (ioveri’d  by  the  serosa, 
which  has  the  sauu!  structiii'c  as  that  (covering  the  stomach. 

The  upper  end  of  tbe  (laodenum  lias  a somewhat  dilfer- 
ent  structure  from  that  of  the  remaining  portion  of  the 
small  intestine,  by  reason  of  the  fact  that  the  [licture  is 
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PLATE  36.— Small  intestine. 

Portion  of  a Longitudinal  Section  through  the  Human 
Jejunum,  x 13. 

'I'lie  i)rci)iiration  was  taken  from  a man  who  had  been  executed. 

'I'he  figure  sliows  tlie  transvei-se  section  of  tlie  entire  intestinal  wall 
with  all  its  la.yei-s.  Two  valvnhc  conniventcs  (Kcrekring’s folds)  are 
seen  in  the  section.  The  snhmneosa  extends  into  these. 

'Technic:  Absolute  alcohol.  1 lematoxylin-eosin. 

Reference  lettei's:  hg,  J}lood-ve,s,sels  (veins  of  the  suhmucosa);  /»i, 
longitudinal  muscle;  mm,  muscidaris  muco.sie;  hV.v,  solitary  lymiih 
noilnle;  rm,  eirenlar  muscle;  mi,  suhmuco.sa;  shi„  suhmuco.sa  of  Kerek- 
ring’s  folds;  ri,  villi. 


hero  ooni])licalt>(l  by  the  duodenal fjlavds  in  the  siibmucosa. 
J II  ihi.s  portion  of  the  (luodenum,  therefore^  glands  are  found 
in  the  .snbnuicosa  as  well  as  in  the  nuieosa.  The  duodenal 
glands,  iinliUe  those  of  the  intestine,  wdiieh  are  straight 
tnbnle.s,  are  simple  branched  alvcolo-tnbular  glands.  The 
cells  of  the  terminal  jiortion  are  similar  to  those  of  the 
p}doric  glands,  on  the  one  hand,  and  to  the  mucous  cells 
of  the  salivary  glands,  on  the  other  hand.  Their  excre- 
tory duets  penetrate  the  muscnlaris  mucoste  and  mucosa 
jM'opria  and  ojien  either  into  an  intestinal  gland  or  on  the 


PLATE  37.— SMALL  INTESTINE. 

Fio.  t. — Portion  of  a Transverse  Section  of  the  Mucous 
Membrane  of  the  Human  Small  Intestine.  X SO. 

'file  ])rc])aration  wa.s  taken  from  a man  who  had  been  executed. 

Tlie  ligure  sliows  the  longitudinal  section  of  four  villi,  a numlier  of 
intestinal  glands,  the  lymphoid  mucous  membrane,  and  the  muscnlaris 
mucoste. 

Technic:  Absolute  alcohol.  I lematoxylin-eosin. 

Reference  letters:  cp,  Epithelium;  gli,  intestinal  glands  (Lieber- 
kiihn);  1/1,  smooth  muscle-liiiers  of  the  villi;  mm,  imuscularis  mucosie; 
Ij),  tunica  iirojiria. 

Fi(i.  2.— Portion  of  a Section  of  the  Mucous  Membrane  of 
the  Human  Small  Intestine  (Duodenum),  x dOO. 

'flic  ])re|iaration  was  taken  from  a man  who  had  been  executed. 

The  ligure  shows  the  longituilinal  section  of  two  intestinal  glands, 
and  the  coiidilioii  of  the  epithelium  in  the.se. 

'reehnic:  I’olassiiim  chromate-formalin.  I lemaloxylin-eosin. 

Reference  letters:  hz,  (Joblet-iiells;  G,  eosiiio])hile  leukocytes;  ep, 
e|)itiheliiim  with  entienlar  liorder  (edge  of  villi);  /////,  lumen  of  intes- 
tinal gland;  mi,  mitoses  of  ejiithelial  cells  of  intestinal  gland;  I’z,  cells 
of  I’aneth  with  granulation. 
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free  surface  of  the  mucous  membrane.  In  man,  often  cou- 
siderable  portions  of  tlie  duodenal  glands  (in  the  neigldxn’- 
hood  of  the  exeretory  ducts)  lie  witliin  the  muscularis 
mucosie  and  therefore  in  the  region  of  the  mucous  mem- 
brane. 

THE  LARGE  INTESTINE. 

The  wall  of  the  Jarf/e  inteMlne  differs  in  structure  from 
that  of  the  small  intestine  in  that  the  villi  are  lacking  and 
that  the  intestinal  glands  are  longer,  increasing  in  length 
as  we  pass  from  the  cecum  toward  the  rectum.  The  glands 
of  the  large  intestines  contain  numerous  goblet-cells  toward 
the  base  (jf  the  glands,  especially  in  the  central  jtortion, 
while  the  supcrticial  epithelium  and  the  mouths  of  tlie 
glands  have  few  gol)let-cells  ; this  is  in  marked  contrast 
to  the  condition  of  the  small  intestine,  where  the  majority 
of  the  goblet-cells  are  found  in  the  epithelium  of  the  villi. 
Except  in  the  rectum,  the  longitudinal  mtiscle  of  the  large* 
intestine  is  arranged  in  three  bundles  or  stri[>es,  the  tteuite 
coli. 


THE  LYMPHATIC  STRUCTURES  OF  THE  INTESTINES. 

The  lymj)hatic  striicliires  of  the  intestinal  canal  appear 
in  the  form  of  solihirv  follicles  and  agmiiiated  glands  or 
I'eycr’s  patches.  The  latter  ai’t*  fieiiml  only  in  the  lower  por- 
tion of  the  ileum,  tlu!  liermer  occur  in  the*  entire  intestinal 
tract,  large  as  well  as  small,  being  more  frc(|ucnt  in  the  large* 
iut(*stine  and  ileum  than  in  the  j(*jnnum.  In  the  small 
intc>tin(*,  as  in  tlx*  stomach,  the  solitary  follicl(*s  aiv  situ- 
ated in  the  mucosa  ; tin*  villi  an*  wanting  ov(*r  th(*ii-  ]M*ar- 
shaped  api(;es,  which  an*  in  close*  re*latie)ii  tee  the*  e*pil he*lium. 
In  the*  large*  inte*stine!  the*  broaele*!’ jeeei’t ieeii  eef  the  I'eellicle  is 
in  the  siibinue-eisa — that  is,  it  ge*ne*rally  |)ushe*s  the  nmse'U- 
laris  mne;e)SJe  marke'eily  into  thee  submuce)sa.  The  fe>llicle*s 
usually  eeeentain  ge*rm  e.*e*nte*rs. 

The  Pei/cr’.H  paldicn  arc  ekmgate'd  structures  e*onsisting 
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PLATE  38— Large  Intestine. 

Fig.  1.— Transverse  Section  through  the  Entire  Wall  of 
the  Large  Intestine  (Descending  Colon).  X ^50. 

The  i)rc])aration  was  tiikcn  from  tissue  lixed  two  ami  one-half  hours 
after  death. 

The  figure  shows  (lie  lamination  of  the  wall  of  the  large  intestine. 

Technic:  Tellyesnicky’s  Iluid.  Ilematoxylin-eosin. 

Keference  letters:  rp,  Epithelium;  y//,  iute.stinal  glands;  gmy,  gan- 
glion of  the  myenteric  jilexus;  Im,  longitudinal  muscidar  layer;  mm, 
muscularis  muco.sie;  xm,  suhmucosa;  rm,  circular  inu.scular  layer;  tp, 
tunica  jiropria. 

Fui.  2. — Portion  of  a Transverse  Section  of  the  Mucosa 
of  the  Human  Rectum.  X <>d- 

The  iire])aration  was  tidvcn  from  a convict  who  had  been  executed. 

The  figure  shows  the  mucous  membrane  of  the  rectum  with  the 
glands  of  Lieberkiihn  and  a solitary  follicle.  The  broader  end  of  the 
latter  is  a])])areutly  in  the  submucosji,  but  in  reality  it  only  pushes 
the  muscularis  mucosic  into  the  submucosa. 

Technic:  Zenker’s  Iluid.  J lematoxylin-cosin. 

Reference  letters:  cpI,  K))ithelium  filled  with  leukocytes;  gli,  ghan- 
duhe  iuU‘.stinales;  kz,  germ  centers;  m,  single  muscle-fibers  in  the 
mucous  membrane;  mm,  muscularis  mucosie;  11I,  solitary  lymph-node; 
X,  section  of  intestinal  gland.s. 


of‘  from  ten  to  sixty  udjacont  solitary  follicles  connected 
by  their  cortical  zofics.  The  follicles  are  spread  out  so 
that  they  lie  in  a single  layer  and  almost  entirely  in  the 
miico.sa ; the  apices,  however,  project  as  broad  lymjthoid 
villi  into  the  mucous  membrane  and  into  the  inte.stinal 
lumen.  The  villi  are  lacking  over  the  Peyer’s  jiatches 
(see  Fig.  48). 

In  vermiform  j)roce.^fi  the  arrangement  is  similar;  the 
mucous  membrane  is  rudimentary,  consisting  of  only  a 
few  glands,  while  the  lyinjthatic  tissue  jH’cdominates  in  the 
form  of  closely  crowded  solitary  follicles  with  germ  cen- 
ters. The  solitary  follicles  ami  lyni])hatic  structures  of 
the  intestine  contain  oidy  blood  cajhllaries — no  lyni])h 
capillaries  at  least  in  man.  In  the  places  where  the 
crowns  of  the  solitary  follicles  or  agminated  follicles  come 
in  contact  with  the  columnar  e|)ilheliiim,  this,  like  the 
pavement  ejnthelimu  of  the  tonsillar  crv])ts  and  lingual 
tonsils,  is  tilled  w'ith  leidcocytes.  Also,  ('Isewhere,  in 
almo.st  the  entire  intestinal  canal,  we  occasionally  liiid  in 
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the  columnar  epithelium  leukocytes  arising  from  the 
ditfuse  adenoid  tissue  of  the  mucous  membrane  (see  Plate 
2,  Fig.  3).  The  leukocytes  wander  through  the  epi- 
thelium of  the  vermiform  appendix  in  great  numbers,  and 
often  hll  its  narrow  lumen. 


THE  BLOOD-  AND  LYMPH-VESSELS  AND  NERVES  OF 
THE  STOMACH  AND  INTESTINES. 

The  vessels  and  nerves  are  very  similarly  arranged  in 
the  stomach  and  intestine.  The  aricries  in  the  mesentery 
which  enter  the  intestine  lie  first  in  the  snbserons  tissue 
and  give  off  branches  fo  fhe  mnseularis,  fhen  form  in  flie 
submucosa  a network  from  which  branches  arise  which 
sup]»ly  the  muscidar  coat  and  mucous  membrane.  Here 
we  find  the  caj)illary  networks  around  the  glands  as  well 
as  on  the  surface  of  the  mucous  membrane;  in  the  small 
intestine,  a small  artery  also  goes  to  each  villns,  passing  up 
its  center  and  l)rcaking  np  into  a capillary  network,  the 
l)lo()d  from  which  is  collected  into  a small  vein.  The 
caj)illaries  of  the  villi  lie  immediately  under  the  c])i- 
thclium.  The  venous  radicles,  especially  of  the  stomach 
and  large  intestine,  are  sii|)crfi(!ial.  TIkw  arise  from  the 
capillaries,  wliich  are  relatively  large,  and  form  a super- 
ficial network  in  the  mneous  membrane  ; in  the  stomach 
this  is  situated  in  tlic  region  of"  tlm  necks  of  the  glands, 
therefore  below  the  base  of  tlie  crypts. 

Tlie  ///«iy>/t-?,Y.wV.s  begin  in  tlie  small  intestine,  as  the 
axial  chvle  vess(>ls  of  fhe  villi,  while  in  tlu;  stomach  and 
large  intestine  they  begin  as  lymph  (rapillaries  between 
the  glands;  esjiecially  large  capillaries  surround  the 
solitary  lymph  follicles,  as  well  as  tlit;  Peyer’s  patches. 
In  the  subtnucosa  and  between  the  two  muscle  lav(‘rs,  the 
lymph-vessels  form  networks.  Large  trunks  run  in  the 
snbserons  tissiu*  to  the  mesentery. 

The  nerre-s  of  the  stomach  and  intestine  arise  mainly 
from  the  sympathetic,  though  certain  mcdullated  cerebru- 
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Plate  39.— Intestinal  Epithelium,  Goblet-cells. 

Fin.  1. — Portion  of  a Longitudinal  Section  through  the 
Villi  of  the  Human  Small  Intestine.  X 

After  a prejiaration  of  Professor  Stolir,  Wurzburg.  It  was  taken 
from  a man  who  had  l)c>en  executed. 

The  ligure  shows  the  structure  of  the  intestinal  villi,  the  diiTuse 
lymithoid  tissue  of  the  tunica  propria,  the  axial  chyle-vessel  (only 
)>art  of  which  is  met  in  the  section),  the  columnar  ciuthcliuiu  with 
cuticidar  border  zone  and  gohlet-eells  in  different  stages  of  .secretion. 

1'eehnic:  Flemming’s  sohdion.  1 Icjiiatoxylin,  Sijffranin,  picric 
acid. 

Ueference  Icttei's:  nrh,  Axial  chyle-vcs.scl  of  villus;  hm,  basal  mem- 
hrane  of  c])ithelium;  fiz,,  gohlet-<^ells,  beginning  of  secretion  in  the 
j)rolo])lasm;  hz2,  gohlet-eells  Idled  with  secretion;  gohlet-cclls 
after  the  secretion  is  evacuated;  c,  cuticular  border  of  cj)ithelium;  ep, 
e])ithelium;  31,  evacuated  mucus;  tp,  mucous  membrane  of  villus. 

Fui.  2. — Longitudinal  Section  of  Two  Glands  of  Human 
Large  Intestine.  X 

After  a prc]iiiration  of  Profes.sor  Stilhr,  Wiirzhurg.  This  was  taken 
from  a man  who  had  been  executed. 

The  figure  shows  es])ccially  the  distribution  of  the  gohlet-eells, 
which  in  the  large;  intestine  reach  to  the  base  of  the  glands. 

Technic  as  in  Fig.  1 . 


sj)iiml  iiorvo.s  terminate  therein.  The  majority  of  tlie 
nerve-fibers  are  non-medullated,  and  in  tlie  w;dl  of  tlie 
.stomaeh  and  intestine  form  two  plexuses  with  small  ganglia 
at  the  nodal  ])oints.  The  larger  jdexns,  the  plexus  myen- 
terlcus  or  Auerbach’s  ])lexus,  is  situated  between  the  cir- 
cular and  longitudinal  muscular  layers  and  has  larger 
gjinglia  with  multipolar  nerve-cells  and  (juite  regularly 
polygonal  to  rhombic  meshes.  The  ncuraxes  of  the 


Fig.  48. — Part  of  a vertical  section  of  the  wall  of  the  small  intestine 
f)f  the  cat.  X 20.  The  figure  shows  a cross-section  of  a Peyer’s 
jiatch,  the  broader  portion  of  which,  containing  the  germ  center,  lies 
in  the  suhmucosa,  while  the  ajiiccs  of  several  nodes  lie  in  the.  mucosa, 
forming  a broad  lym])hoid  villus.  Im,  liyinjihoid  jiortion  of  the  mu- 
cous membrane;  ?i7,  lymph-nodes;  31,  muscularis;  svi,  suhmucosi;  ri, 
intestinal  villi. 

Fig.  4!). — Transverse  section  of  an  injected  villus  of  an  ajie.  X 
.'iOO.  'The  figure  .shows  the  cross-section  of  an  intestinal  villus,  the 
e])ithelium  of  which  shows  a vci'y  ilistinct  .striated  cuticular  border. 
The  blood-vessels  are  injected  with  Berlin  blue,  (icli,  Axial  cliyli'- 
vessel,  comjircsscd;  c.s,  entienlur  border;  hz,  gohlet-ccll;  cp,  e])ithc]ium ; 
I,  leukocyte  in  epithelium. 
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sympathetic  neurones  of  the  ganglia  of  this  plexus  supply 
the  musculature. 

The  plc.vus  snbmu(‘o.'<Hs  or  Meissner’s  plexus  is  much 
finer  and  less  regular,  its  meshes  being  much  smaller. 
The  ueuraxes  t)f  the  ganglia  of  this  plexus  innervate  the 
mucosa  as  well  as  the  muscularis  inucos;e,  and  the  ])lexus 
therefore  contains  both  motor  and  secretory  fibers.  Both 
plexuses  begin  in  the  esophagus  and  extend  to  the  rectum. 

White  rami  fibers  terminate  in  end-baskets  surrounding 
the  cell-bodies  of  the  sympathetic  neurones  situated  in  the 
ganglia  of  bcjth  plexuses.  The  larger  mcdullated  fibers 
are  sensory  cerebro-s])inal  fibers,  the  terminal  branches  of 
which  end  in  the  epithelium  and  probably  also  in  the  walls 
of  the  blood-vessels. 


THE  SALIVARY  GLANDS. 

Under  this  heading  we  shall  consider  the  large  salivarv 
glands,  the  small  glands  of  the  mouth,  and  the  pancreas. 
Certain  of  these  glands  secrete  a serous  secretion,  rich  in 
albumin,  known  as  alhuminous  nr  ficrous  c/laixJ.H ; others,  a 
mucous  secretion,  niurou-s  f/tand'^ ; and  certain  glands  form 
both  .serous  and  mucf)us  secretion  ; these;  are  known  as 
mixed  f/lands.  The  appearance  of  the  gland-eells  which 
secrete  the  albuminous  sideslanee;  is  e.ssentially  different 
from  that  of  those  which  sccri'tc  mucii.s,  and  the  stnuiture 
of  the  mucus-secr(;tiiig  tubules — all  these;  glands  are  tubular 
e>r  tubulee-alvceelar — differs  from  that  e)f  the  .serme.s  (/((unh. 
The  tubides  e>r  alve'oli  e>f  the  sei'oiis  glands  are;  of  small 
caliber,  have  a ve-rv  small  liime'u,  ofleai  so  small  that  it  can 
be  .seeai  eeidy  with  elifficidty.  Thew  are;  lineel  by  a laver  of 
cubie;al,  distiiu'tlv  granular  e-ells,  the;  micle-i  e>f  which  lie 
about  the  iiiiilelh' of  the;  e-e-ll.  Bctwce;ii  the  .serous  e;ells,  in- 
te-rcellidar  se-cretiou  e-apillaries  are:  found  (se-e  ])age  30). 

The;  e>r  alve-oli  of  the  mue-ous  glands  are  large*, 

their  eliami'ter  be*ing  at  least  twie*e;  as  gre*at  as  that  e>f  the 
serous  tubuh's ; their  lumen  is  large*,  their  cells  elear, 


154 


THE  DIGESTIVE  ORGANS. 


PLATE  40 —VERMIFORM  APPENDIX. 

Transverse  Section  of  the  Human  Vermiform  Appendix. 

X ~'p. 

The  preparation  wa.s  secured  by  means  of  an  operation. 

Tlie  li^nre  sliow.s  the  numerous  solitary  lymph  follicles  of  the 
vermiform  apj)endix  and  the  few  f> lands;  in  tlie  lumen  many  leuko- 
cytes an^seen;  the  musculature  is  very  poorly  dcveloijed. 

'J'cehnie:  Zenker’s  .solution.  Hematoxylin-eosin. 

Kelerence  lettem:  e,  Ei)ithelium;  I\  adipo.se  ti.ssue  of  submucosa; 
L,  lumen;  BI,  mu.seulature;  al,  lymphatic  nodules. 


witli  the  nuclei  ])res.sed  awain.st  tlie  tvall  and  often  flattened,  m 
A\dien  filled  tvitli  secretion,  these  cells  are  large,  clear,  « 
vesicular  .structures  and  stain  readily  with  tho.se  dyes  ; 
which  stain  innciis.  After  tlie  evacuation  of  their  secre- 
tion, they  slain  more  deejily  in  the  general  stains  and 
appear  darker  in  fresh  jireparations,  but  still  differ  from 
file  cells  of  the  serous  glands.  Secretion  cajiillaries  are  - 
lacking. 

Tnbnlcs  which  contain  only  mucons  cells  are  rare; 
tubules  containing  only  .serous  cells  are  found  in  serous 
glands;  in  certain  glands — the  majority  of  the  .so-called 
mucous  glands — the  tubules  contain  both  mucous  and 
serous  cells. 

As  has  been  stated,  the  salivary  glands  may  be  divided 
into  .serous  glands,  pure  mucous  glands,  and  glands  having 


PLATE  41.— Nerve  plexus  of  Intestine. 

Fig.  1. — Surface  Preparation  of  the  Myenteric  Plexus  of 
the  Small  Intestine  of  the  Guinea-pig.  X 30. 

The  ligure  give.s  a geuenil  view  of  the  distrihutiou  of  Ihe  small 
gaiiKlia  of  the  ])le.xus,  their  conuectious  and  ])rineipal  hrauchc.s. 

'I'cehuic:  Dilute  acetic  iuud.  Gold  chlorid,  formic  acid. 

Uefereuce  letters:  BI,  Mu.seulature  of  intestine  (one  muscle  layer 
has  been  removed);  G,  gauj;liou,  the  darker  spots  arc  gau;j:lion-cclls. 

Fig.  2. — Portion  of  the  Submucous  Plexus  of  the  Small 
Intestine  of  the  Rabbit.  X *^0. 

Only  the  plexus  is  represented. 

'I'lie  /igure  shows  the  relation  of  the  gangliii  and  the  branches  of 
the  jilexus. 

'reehnic!  as  in  Fig.  1 . 

Kefcreuce  letter:  </,  Ganglia. 
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botli  serous  ami  mucous  secretion,  namely  the  mixed 
slauds,  Tlie  lattc-r  are  at>:aiu  divided  into  two  subclasses: 
olaiids  with  tubules  which  contain  botli  serous  and  mucous 
cells,  and  glands  some  of  the  tubules  of  which  contain 
oidy  serous  cells  while  others  contain  either  only  mucous 
cells  or  both  mucous  and  serous  cells.  The  purely  serous 
glands  are  the  parotid,  the  small  glands  in  the  region  of 
the  circumvallate  papilla;  of  the  tongue  and  the  pancreas. 
The  purely  mucous  glands  are  the  small  glands  at  the  root 
of  the  tongue  and  in  the  region  of  the  lingual  and  phar- 
yngeal tonsils  and  the  [)alatal  glands.^ 

Mixed  glands  of  the  tirst  subdivision  are  the  sublingual 
glands  and  all  other  smaller  glands  of  the  mouth,  as  well 
as  the  labial  and  buccal  glands,  glands  of  Nuhn,  and 
others.  The  submaxillary  is  the  only  mixed  gland  of  the 
second  sulxlivision. 

We  will  begin  our  more  detailed  consideration  with  the 
four  large  nalirarj/  glaivh,  the  parotid,  the  submaxillarv, 
the  sublingual,  and  the  ])ancreas.  They  are  all  lobar, 
comjiound  tubular  or  tubulo-alveolar  glands,  and  are  com- 
posed of  many  duct  systems.  The  parotid  has  short 
tubular,  markedly  convoluted  terminal  alveoli,  which  have 
a very  narrow  lumen  and  only  serom  cells.  The  transi- 
tion into  the  excretory  duct  system  is  made  by  long,  verv 
narrow  inlennediar;/  tuhulrr^  lined  by  much  tiattcaied  cells. 
Hither  singly  or  united,  the  int(‘rmediary  duets  pass  over 
into  the  Hecretorji  or  salivari/  d/ze/.s’  (sec  Fig.  50),  which  arc 
characterized  by  an  c])ithelium  of  low  columnar  foian, 
distinctly  striated  on  the  basal  side.  The  salivary  duets 
then  continue  into  larger  ])orlions  of  the  duet  system, 
which  show  tio  Izasal  striation  of  the  cells  and  possess 
two  layers  of  epithelial  cells  as  we  ajzproaeh  the  primarv 
branches  of  the  main  excretory  duets.  Of  these  two  layers 
of  cells,  the  cells  of  the  lower  layer  arc  ])yramidal  and 
of  the  up[)cr,  eohimnar.  Tn  the  fadaita.rillan/ gland ^ (he 

* I’nrcly  niiicmis  {rlaiids  also  occur  in  oilier  portionsof  tlic  digestive 
tract,  in  the  respiratory  tract,  genital  organs,  etc. 
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PLATE  42 —SALIVARY  GLANDS. 

Fig.  1. — Portion  of  Section  of  the  Human  Sublingual 
Gland.  X 

The  jH'epanition  was  hiken  from  a man  who  had  been  executed. 

The  (igure  shows  the  ))oundaries  of  two  lobes  of  the  gland,  with  a 
larger  excretory  duet  and  the  adjacent  gland  ti.ssne. 

'reehnic:  Zenker’s  solution.  J lematoxylin-eosin. 

Reference  letlei-s:  Interlobular  connective  tissue  with  blood- 

ve.s.sels;  Dx^,  larger  excretory  duct;  Dx^,  smaller  portion  of  the  duct 
sysk'in  (secretory  tubes);  mu,  mucous  alveoli  as  shown  by  reaction  to 
stain;  a,  veins.* 

Fid.  2. — Portion  of  a Transverse  Section  of  the  Human 
Sublingual  Gland.  X hh. 

'riu;  ])rc|»aration  was  taken  from  a man  who  had  been  executed. 

’I'lie  (igurc  shows  a number  of  gland  tubules,  .some  cut  longi- 
tudinally, some  transversely,  and  others  tangentially.  The  distri- 
bution of  the  serous  and  mucous  cells  of  the  tubules  is  to  be  seen. 
(In  certain  ri'gions  the  section  jia.sses  tlmuigh  only  .serous  cells  and 
might  thei-efore  be  (confused  with  ])urely  .serous  tubules.) 

T'echnie.:  Absolute!  alcohol.  Hematoxylin. 

Iteferenci!  letters:  li,  lntc!rstitial  connecitive  tissue  rich  in  lymph- 
(!ells;  lim,  demilune;  xr,  secretory  tubule;  tin,  mixed-gland  tubule  in 
longitudinal  seetion. 


majority  of  tlie  tiibiile.s  an;  like  tliosc  of’  the  parotid,  con- 
tainiiifr  only  .seroii.s  cells.  In  addition  to  these  there  is  a 
sniiill  number  of’  lotifi;,  much  convoluted,  largo  nuicons 
tiibiilc.s,  tvhich,  however,  csjiccially  at  the  blind  ends, 
contain  small  groups  of’  .serous  cells;  these  are  knowm  as 
the  demilunes  of  Ileidenhain  or  the  cre.scents  of  Gianuzzi, 
.so  called  bccau.se  the  serous  cells  arc  of’b'u  arranged  on 
the  mucous  cells  in  the  shape  of  a ridge,  and  in  cro.ss- 
section  gi\m  the  ajipearanco  of  a demilune.  Such  a demi- 
lune in  the  submaxillary  is  often  formed  by  a single'  cell. 

d'he  duct  .system  of  the  submaxillarv  is  very  similar  to 
that  of  the  jiarotid  ; only  the  intermediary  duet  is  very 
much  shorter.  The  .salivary  ducts  show  areas  with  di.-;- 

Reference  letters  for  Figs.  .oO-.'jIt:  u,,  Ijiirge  briinch  of  Ibe  main  ex- 
erctory  du(!t ; ii.^,  smaller  branches  of  tlu!  same;  !nn,  demilune;  x,  iidei- 
nied iary  (1  net ; xr,  sidivary  duels;  tin,  mixed  luhulcs;  f.s,  serous  lidmles; 
I,  tnlinles  or  alveoli.  (The  serous  cells  are  daik,  (he  mneons  eleai'.) 

* In  one  vein,  the  Idood  in  printing  ha.s  become  .spotted. 
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Fi".  50. — DiiiKr.'imin.'itic  Fi{?.  51. — DiaKnuinnatic  repivseii- 

rppre.sentatioii  of  i>aroti(l  Uition  of  suliiiia.xillary  gland, 

gland. 

(For  explanation  of  lettering,  see  page  15(1.) 
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Plate  43 —Salivary  Glands. 

Fki.  1.— Portion  of  the  Cross-section  of  the  Human  Sub- 
maxillary  (iland.  X 150. 

Tlie  i)rc])arati()M  was  taken  from  a man  wlio  had  hecn  executed. 

T’lie  lifrure  sliows  the  glands  eom])osed  of  two  kinds  of  tuhnles — 
])ni'cly  s<Totis  and  mixed.  Moreover,  intermediary  ducts  and  Siilivary 
ducts  witli  striated  ciiithclium  are  seen. 

'I'eehnic:  Ahsolute  alcohol.  1 lematoxylin-eosin. 

liefcrenec  letteis;  Jim,  ])emilune;  I.,  lumen  of  tuhule;  sch,  inter- 
mediary (hict;  .sr,  .sidivary  duct;  im,  mixed  tuhules  lined  with  mucous 
cells  and  having  serous  cells  in  the  demilunes;  /.s,  serous  tuhnles. 

I'i(i.  2.— Small  Area  of  a Relatively  Thin  Cross=section  of 
the  Human  Parotid.  X 

T'he  iire])aration  was  taken  from  a man  who  had  been  executed. 

The  iigure  shows c.ross-seet ions  of  a number  of  juirely  serous  tubules 
only  one  of  whitth  shows  a distinct  lumen.  The  relation  of  the  inter- 
mediary duct  to  the  tuhides  and  its  transition  to  the  salivary  ducts 
is  shown. 

'i'eehnic:  Ahsolute  ah^ohol.  I fematoxylin-eosin. 

Reference  letln’s:  1,  Lumen  of  the  tul)ule;  8vh,  intermediary  duct; 
.Hr,  .sdivary  duct;  f,  tuhules. 


tiiict  hasill  strititioii  ; tlio  iiiiiia  ('xcrotoiy  duct  lias  two 
layers  of  colimmar  cjiitlicliimi,  and  outside  of  this,  lougi- 
tiidiutd  umsele. 

The  .8iib/i)i(/u<d  eoutaiu.s  only  mixed  tulnilcs.  All  the 
tubule, s of  the  gland  are  thereliirc  of  similar  structure  and 
siiuihir  to  the  mucous  tubules  of  the  subma.xillary ; the 
demilunes  are,  however,  much  larger, — that  is,  the  serous 
cells  are  much  more  abundant, — and  often  line  the  whole 
extent  of  the  lumen.  It  may  therefore  happen  that  cro.ss- 
scetions  of  tubules  of  the  sublingual  are  obtained,  which 
arc  comjiosed  only  of  .serous  cells  and  re.semble  very  ckxsely 
the  cros.s-sections  of  serous  tubules.  The  duct  .sy.stem  of 
the  sublingual  differs  from  that  of  the  jiarotid  and  sub- 
maxillary in  that  the  iuh'rmcdiary  ducts  are  entirely  lack- 
ing. The  tubules  ])ass  dire(*lly  into  .salivary  diu'ls,  the 
basal  striatiou  of  who.se  cells  is  (piile  iudistiuct. 

Ju  the  panereem  the  s('c,i'(‘tiug  tid)uh's  are  relatively  short, 
often  (hicl<eu(‘d  at  the  ends  ; and  are'  iu  the  main  similar  to 
theese:  eif  the  ])are)liel,  feer  llu'y  ])e)Sse'SS  eeuly  .s'ereu/.s’  cells. 
The  cells  sheew,  especially  iu  the  state  t)f  hunger,  see-calh'el 
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Fi;r.  5li.  — I )inKi'iiiiiinat,ic 
representation  of  the  pan 
creas. 

(For  explanation  of  lettering,  seepage  15(1.) 


Fig.  52. — Diagrammatic  rej)resenta 
tion  of  the  siihlingnal  gland. 
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Plate  44— pancreas. 

Fio.  1.— Portion  of  a Cross-section  of  the  Human  Pancreas. 
X 1(H). 

The  i)re])!iratioii  was  taken  from  fresh  human  tis.sue,  fixed  two  and 
one  lialf  lioui’s  after  deatli.  j 

Tlie  figure  f^ives  a general  view  of  tlie  structure  of  the  gland. 

'J'eelinic:  Zenker’s  solution.  1 lematoxylin-eosin. 

Reference  letters:  d,  Hranch  of  the  pancreatic  duct;  sch,  intermedi- 
ary duet;  As,  cro.ss-seetion  of  gland  tubules.  I 

Fm.  2.— Small  Portion  of  Fig.  1 from  the  Human  Pancreas.  ' 
X 1-20. 

'The  ligure  .shows  the  cros.s-section  of  the  intermediary  duct  and  of  ; 
some  of  the  tubules  connected  with  it.  The  relation  of  the  centre-  i 
acinar  cells  to  (he  cells  of  the  intermediary  duct  is  shown.  ; 

Technic  as  in  l'’ig.  1 . j 

Reference  letters:  caz,  Centro-acinar  cells;  d)'^,  gland-cells;  sc/d,  in-  ' 
termediary  duct. 

Fin.  :i. — Cross-section  of  Pancreatic  Tubule.  ; 

{ From  the  same  jiancreas  as  Figs.  1 and  2.) 

The  figure  shows  the  zymogen  granules  of  the  inner  portion  of  the  ' 
gland-cells. 

Technic:  I’ota.ssium  chromatc-forinalin.  1 lematoxylin-eosin.  '< 

Reference  letters:  cm,  Centro-acinar  cells;  Zg,  zymogen  granules. 

zjimo(/en  (/ranu/r.'i  on  the  side  toward  the  lumen.  It  is  ' 
dilHcnlt  to  observe  a lumen  in  the  .secretiiifr  tubules  of  the 
panereas,  since  this  is  generally  filled  with  flattened  cells 
known  as  centro-adnar  ce/h,  which  arc  regarded  as  a con- 
tinuation of  the  flattened  cells  lining  the  love/  intermediary 
dud  of  the  pancreas  into  the  lumen  of  the  secreting  tubules. 
Salivary  ducts  are  entirely  lacking  in  the  pancreas.  The 
intermediary  ducts  pass  directly  into  the  branches  of  the 
main  excretory  duct,  the  ])ancreatic  duct.  The  latter  has 
cubic  to  columnar,  occasionally  almost  flat  epithelium, 
which  is  always  in  a single  layer.  Besides  the  tubular 
system  above  described,  the  pancreas  contains  eertain 
structures  known  as  the  islands  or  areata  of  Jjmf/crha)is. 
'The  meaning  of  the.se  strnctnres  is  still  obscure,  although 
if  is  gimerally  believed  that  tlii'y  form  an  infernal  secre- 
tion. d^lu'V  ari'  coinposc'd  of  fi’nliecnhe  and  septa  of  c])i- 
thelial  cells  which  neither  form  tnbnles  nor  connect  with 
the  excu’etory  diicfs  by  ini'ans  of  interiiK'diary  ducts,  but 
are  surrounded  by  den.se  capillary  networks. 
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The  smaller  glands  of  the  mouth  usually  consist  of  but 
one  duct  system.  The  single  excretory  duct  is  lined  by  a 
columnar  epithelium,  usually  in  many  layers  and  occa- 
sionally ciliated.  Their  tubules  are  .sometimes  mucous, 
sometimes  serous,  and  sometimes  mixed  (see  page  153). 

The  salivary  glands  are  rich  in  blocxl-vcssels ; numer- 
ous capillaries  surround  the  tubules.  Iti  the  interstitial 
connective  tissue  are  found  the  neuraxes  of  sympathetic 
neurones,  tlie  branches  of  M hich  i)robal>ly  penetrate  the 
membrana  propria  and  end  free  between  the  cells  of  the 
gland.  The  interstitial  connective  tissue  of  the  sublingual 
is  rich  in  lymph-cells,  collections  of  which  occur,  appearing 
like  .solitary  follicles,  but  having  no  germ  centers. 


THE  LIVER. 

The  liver  is  a large  compound  tubular  gland  with  anas- 
tomosing tubules.  This  condition  can,  however,  be  recog- 
nized oidy  with  difficulty  in  the  fully  developed  human 
gland,  as  the  original  character  of  the  independent  tubules 
has  been  almost  lost.  There  is  also  an  intimate  relation  to 
the  va.scular  system  which  dominates  the  arrangement  of 
the  former  tubnles.  In  this  account  of  the  structure  of 
the  liv'cr  we  will  giv'c  first  a purely  descriptive  considera- 
tion of  its  stnictur<‘,  and  in  closing  will  attempt  an  eluci- 
dation of  the  tubular  character  of  the  organ. 

The  liver  is  surrounded  by  a connective-tissue  (‘apsulc, 
known  as  the  fibrous  capsid, e.  or  capsule  of  Gli.sson,  which, 
at  the  hilusof  the  liver,  extends  into  the  organ  with  the 
blood-vcs.sels.  In  many  animals — for  instance  in  the  ])ig 
— each  liver  lobuh‘,  tin*  anatomic!  unit  of  the  liver,  is 
surrounded  by  connective!  tissue  from  Glis.son’s  ca])snle. 
In  man  the  connective  ti.ssne  of  the  liver  is  not  .so  well  de- 
veloped  and  only  for  a short  distanee  does  it  form  the 
boundaries  of  adjacent  lobules.  The  liver  lobules  are  lU'arly 
cylindric  strnctnres.  They  consist  of  anastomosing  tra- 
becula; of  liver-cell.s,  which  show  a distinctly  radial 
11 
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PLATE  45.— Liver. 

Fig.  1. — Portion  of  a Transverse  Section  of  the  Human 
Liver.  X T'S. 

'Pile  ])ri'])aration  was  taken  from  a man  Avlio  had  been  executed. 

'Pile  fifjure  sho\s’.s  a numher  of  liver  lobules  in  cross-section,  which 
are  relatively  well  separated  from  each  other. 

’’Pi'chnic:  Zenker’s  solution.  1 lematoxylin-eosin. 

Reference  letters;  cf,  Interlobular  connective  tissue  of  Glisson’s 
e^ijisule;  dh,  bile-ducts;  iv-,  intralobular  or  central  vein;  vp,  branches 
of  the  ])ortal  vein,  interlobular  veins. 

I'ui.  ;2.  — Portion  of  a Transverse  Section  of  a Liver  Lobule. 
X -iHO. 

The  liffure  shows  the  relation  of  the  cords  of  liver-cells,  their  radial 
arraiifiement,  and  their  anastomoses.  Some  cells  have  two  nuclei. 

'’Pecbnic,  etc.,  as  in  Fig.  1. 

Referejici^  letters:  c.  Capillaries;  /,  fat  droplets  in  liver-cells. 


aiT;ing;cni(‘nt  from  the  ii.xis  of  the  lobule.  Each  trabecula 
consist, s of  liver-cells  arraugjed  in  clo.se  rows.  The  cells 
ari!  larjrc  (15-20  //),  irrefrnlar,  polyhedral,  have  no  distinct 
cell  ineinbrane,  and  are  rich  in  jirotoplasin  ; they  have 
relatively  small  nuclei  (ipiite  freipiently  there  are  two). 
In  the  fresh  condition  the  liver-cells  are  di.stinctly  turbid 
and  granular  (glycogen  grannies),  and  al.so  contain  fat  in 
smaller  and  larger  droplets  and  bile  pigment.  Contiguous 
liviM’-cells  are  in  immediate  contact  and  thus  form  cords 
of  cells  or  trabecula3,  consisting  of  one  or  two  rows  of  cells 
and  anastomosing  with  neighboring  cords  without  the  in- 
tervention of  the  membrana  propria. 

The  arrangement  of  these  cords  of  liver-cells  is  de- 
jiendent  upon  the  arrangement  of  the  blood-ve.ssels, 
which  should  therefore  be  considered  first.  The  alfcrent 
vessel  of  the  liver  is  the  portal  vein.  The  ho})atic  artery 
sujiplies  only  the  walls  of  the  bile-ducts,  the  interlobular 
connective  ti.ssnc,  and  the  Clis.son’s  capsule.  Its  capil- 
laries ])ass  directly  into  tlie  branches  of  the  portal  vein. 
Terminal  branches  of  the  portal  vein  run  as  vena'.  i)der- 
lohiilares  in  the  connective  tissue  between  the  lobules. 
Each  lobule  receives  branches  fi’om  several  interlobular 
veins.  Tlie  interlobular  veins  run  in  company  with  the 
small  bile-ducts  and  with  the  arterial  branches  'which 
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Fi^r.  51. — DiaKraiiiinatic  rr‘])n‘S(*ntation  of  liver  lobule.  The  figure 
shows  a .Hclicinatie  loiifritiuliiial  section;  at  the  lelt  the  blood  capillaries 
and  at  the  ri^ht  the  bile  cajiillaries  are  re])rcsented.  dh,  I'.ile-duets; 
VC,  central  or  intralobular  vein;  r/7,  interlobular  vein;  vd,  sublobular 
vein. 


1G4 


THE  DIGESTIVE  ORGANS. 


Plate  46 —Liver. 

Fio.  1.— Portion  of  a Cross=section  of  the  Liver  of  a 
Rabbit,  Which  Has  Been  Completely  Injected.  X 45- 

The  lisnre  shows  ii  liver  lol)ule  in  transverse  section  with  injected 
ve.ssels,  together  with  adjoining  jiartsof  neighboring  lobules.  It  gives 
a general  view  of  the  distribution  of  the.  blood-vessels  in  the  liver 
(bile-dncts  in  the  interlobular  connective  ti.s.sne). 

Tecbnic:  Injection  with  Berlin  bine  gelatin.  Mliller’s  fluid. 
Bora.x-ejinnin. 

Hef(*rencc  lettei's:  e,  Capillaries;  dh,  bile-dncts;  vc,  central  or  intra- 
lobular vein;  ri,  interlobnlar  veins. 

Fid.  2. — Portion  of  a Transverse  Section  of  a Rabbit’s 
Liver  Treated  by  the  (iolgi  Method.  X 300. 

'I'be  figure  shows  the  bile  capillaries  blackened  by  the  Golgi 
method.  These  show  many  short,  fine,  blind  proccs.ses  which  extend 
into  the  jirotoplasm  of  the  liver-cells,  short,  intracellular  secreting 
Cji])illaries. 

'J'echnic;  Fota.ssinm  chromate-formalin.  Silver  impregnation  ac- 
cording to  Golgi  method.  Alnm-carmin. 

Reference  letters:  e,  P.lood  capillaries;  cell  with  many  “secre- 
tory caiiillaries.” 


supply  tlie  connective  tissue  and  the  walls  of  the  bile- 
dncts. 

l^’rom  the  perijthery  of  the  lobule  the  interlobular  veins 
send  toward  the  center  of  the  lobule,  through  the  network 
of  cords  of  livcr-cell.s,  numerous  large  capillaries  which 
frequently  anastomose.  In  the  axis  of  the  lobule  runs  the 
terminal  branch  or  the  radicle  of  the  etlerent  venous  sys- 
tem of  the  liver,  the  hepatic  vein.  This  is  knowm  as  the 
central  or  intralobular  vein,  so  called  from  its  ])osition  in 
the  liver  lobule.  It  takes  up  the  capillaries  arising  from 
the  interlobular  v^eins.  The  central  or  intralobular  vein 
runs  exactly  in  the  axis  of  the  lobule,  beginning  at  its 
a])cx  by  the  confluence  of  cajiillaries  (see  diagram)  as  a 
vein  of  the  smallest  caliber.  During  its  course  through 
the  lobule  it  takes  up  ca])illaries  from  all  sides,  .'^o  that  it 
increases  in  caliber  and  thus  leaves  the  ba.se  of  the  lobule 
to  o]icn  into  the  sublobnlar  vein,  a larger  branch  of  the 
hepatic  vein. 

Each  liver  lobule  is  composed,  therefore,  of  cords  of 
livcr-cells  and  the  capillaries  lying  between  them.  Ihe 
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latter  border  directly  on  the  liver-cells  and  usually  run  at 
their  edges. 

In  addition  to  the  liver-cells  and  capillaries,  there  are 
found  in  the  liver  lobule  the  following  structures,  which 
are  made  visil)le  only  by  special  methods  : A connective- 
tissue  framework  within  the  liver  lol)ule  itself,  which  con- 
sists of  very  fine  fibers  forming  very  delicate  networks 
around  the  capillaries,  and  known  as  “ Gitterfasern,”  and 
of  star-shaped  cells,  tlie  so-called  stellate  cells.  The  nuclei 
of  the  latter  He  l)etween  the  liver-cells  and  are  usually  not 
t(j  l)e  distinguished  from  the  nuclei  of  the  capillaries. 
Reticular  fibers,  as  well  as  stellate  cells,  aj^pear  only  after 
the  use  of  special  staining  methods. 

Another  constituent  of  the  liver  which  is  usually  difficult 
to  see  is  the  bile  capillaries.^  very  fine  ducts,  lying  between 
the  liver-cells,  without  special  walls  and  opening  into  the 
bile-dacls.  The  cul)ic  epitlielium  of  the  latter  represents 
the  direct  continuation  of  the  liver-cells,  since,  at  the 
periphery  of  the  lobule,  some  cords  of  liver-cells  have 
lower  and  smaller  cells  whicli  ]>ass  over  gradually  into  the 
epithelium  of  the  bile-ducts  (see  diagram.  Fig.  54).  The 
bile  ca[)illaries  may  be  regarded  as  intercellular  secretion 
ca|)illaries.  They  arc  formed  by  the  two  half  grooves  of 
neighboring  cell-surfaces.  Tluy  re])rcsent  a very  narrow 
and  very  fine  network  extending  over  the  entire  ])aren- 
chyma  of  the  liver,  which  has  finer  meshes  than  the  blood 
va.>^cular  system.  In  general  the  bile  capillaries  run  over 
the  surface  of  the  cells,  while  the  blood  caj)illarics  rnu  at 
the  corners.  44ie  bile  capillaries,  for  the  most  ]>art,  form 
anastomoses  similar  to  those  of  tin;  blood  capillaries,  but 
they  also  possess  free  intercellular  and  intracellular  ends. 
The  latter  are  found  as  short  processes  projecting  into  the 
C(,“ll  ])rotoplasm  and  terminating  in  nodulai’  enlargements. 
These  may  |)robably  be  re-formed  and  also  disappear  again. 
The  finer  hile-ducLs  have  a single  layer  of  cubic  epithelium  ; 
the  larger  ones,  columnar  epithelium  with  eutieular  border. 
The  epithelium  of  the  gall-bladder  is  similar. 
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PLATE  47— LIVER. 

Fig.  1. — Portion  of  a Transverse  Section  of  the  Injected 
Liver  of  a Rabbit  ( Blood  Capillaries  Red,  Bile  Capillaries  Blue). 

X2H0. 

Material  from  tlie  Institute,  for  Comparative  Anatomy,  Wurzburg. 
The  ligure  gi\’es  a general  view  of  the  two  capillary  networks  and 
their  relation  to  the  cords  of  liver-cells. 

Fig.  2. — More  Highly  Magnified  Area  of  the  Same  Prepara= 
tion  from  the  Rabbit’s  Liver  as  Fig.  1.  X •'>*'0. 

The  ligure  shows  blood  cajiillaries,  bile  ca])illarics,  and  liver-cells 
in  their  mutual  relation.  Many  of  the  livei-cell.s  contain  two  nuclei. 

Ivcferenee  letters:  r,  Blood  capillaries;  g,  bile  cajiillaries;  x>  blind 
ends  of  bile  cajiillaries. 


"^I'lic  nerves  of  the  liver  are  mostly  non-medullated,  the 
neuraxes  of  sympatlietie  neurones;  they  run  with  the 
arterie.s,  veins,  and  bile-dnets,  and  t(‘rininatc  in  the  wall 
and  epithelinin  of  the  bile-dnets,  in  the  walls  of  the  vessels, 
and  jirobably  also  on  the  liver-eells. 

W'e  may  imagine  that  two  neighboring  cords  of  liver- 
eells,  with  the  bile  capillaries  lying  between  them,  repre- 
sent a foi’iner  liver  tnbnle  without  a membrana  propria, 
the  greatly  reduced  lumen  of  which  is  the  bile  capillary 
who.se  walls  are  formed  by  the  two  liver-cells.  While. the 
wall  of  the  tnbnle  of  the  liver  in  man,  at  least  in  the 
adult,  is  generally  formed  of  but  two  cells,  in  many  animals 
and  also  in  the  hnman  embryo  more  than  two  cells  bound 
the  bile  capillary,  so  that  the  liver  tnbnle  is  quite  similar 
to  that  of  an  ordinary  tubular  gland.  Each  row  of  liver- 
cells  would  at  the  same  time  belong  to  two  or  more  tubules, 
as  usually  a bile  cajiillary  runs  on  each  surface  of  the  liver- 
cell. According  to  this  conception  each  liver  lobule  con- 
sists originally  of  a number  of  tubules  arranged  radially 
to  the  axis  of  the  lobule. 


VI.  THE  URINARY  ORGANS. 

’^Walddiu'ij  is  a comjiound  tubular  gland,  with  the  ureter 
as  its  excridorv  duet.  It  is  surrouud('d  by  a conneetive- 
ti.ssue  capsule,  the  luniea  aU)ii(/inea. 
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The  uriniferous  tubules  form  the  jxirenchyma  of  the  kid- 
uey.  The  secreting  portion  of  these  tubules  lies  in  the 
cortical  substance,  while  those  portions  of  the  tubules  which 
form  part  of  the  excretory  system  are  found  mainly  in  the 
medulla.  The  excretory  duets  terminate  at  the  apices  of 
the  medullary  pyramids.  Tlie  beginning  of  each  urinifer- 
ous  tubule  is  found  in  a s]iheric  portion  invaginated  by  a 
plexus  of  arterioles  and  capillaries.  The  plexus  of  arterioles 
and  capillaries  invaginating  the  beginning  of  each  urinifer- 
ous  tubule  is  known  as  a glomerulus,  and  this  with  the 
invaginated  end  of  tlie  tubule,  known  as  Boinnan’s  capsule, 
constitutes  a Malpighian  corpuscle.  Bowman’s  capsule  is 
a splieric,  double-walled  structure,  invaginated  by  the 
glomerulus,  so  that  its  two  layers  are  almost  in  apposition. 
The  narrow  interspace  which  remains  is  the  beginning  of 
the  lumen  of  the  uriniferous  tubule.  Both  layers  of  Bow- 
man’s capsule,  esjK'cially  the  invaginated  “ visceral  ” por- 
tion, have  a very  much  flattened  epithelium.  The  urinifer- 
ous tubule  itself  is  a mueh  convoluted  tubule  of  considerable 
length  and  of  characteristic  structure  in  the  various  por- 
tions. The  first  ])ortion,  adjacent  to  the  Bowman’s  cap- 
sule, is  the  tubulus  coutorlus.  Its  lumen  passes  over  directly 
into  that  of  the  capsule,  its  cubic  epithelium  changing 
quite  abru|)tly  into  tliat  of  the  cai)sular  wall.  The  e]>ithe- 
lium  of  the  tubnli  contort!  shows  generally  very  indistinct 
I cell  boundaries  and  a distinct  striation  of  the  basal  portions 
j of  tlie  cells ; on  the  surface  toward  the  lumen  it  jire- 
sents  a striated  border  resembling  a ciiticular  formation 
similar  to  the  rod-lihe  border  of  the  intestinal  epithelium. 
This  striated  border  is  not  always  to  Ix!  found  and  is  said 
to  be  influenced  by  the  functional  condition  of  the  kidnev. 
The  Malpighian  corpuscles  and  the  tubnli  contort!  alwavs 
lie  in  the  cortex  of  the  kidney. 

Following  the  contorteil  or  convoluted  portion  of  the 
uriniferous  tubule  is  a .segment  which  has  the  form  of  a 
looj),  formed  by  two  |)arallcl  limbs,  and  extending  dee]) 
into  the  medullary  substance ; the  depth  to  which  it  ex- 
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PLATE  48.— kidney. 

Portion  of  a Vertical  Section  of  the  Human  Kidney.  X 6. 

The  preparation  was  taken  from  a man  who  had  been  executed. 

Tlie  figure  gives  a general  view  of  the  distribution  of  the  cortical 
and  medullary  substiince  of  the  kidney.  The  section  extends  from  the 
ciipsule  into  tlie  ))ai)illa. 

Technic:  Muller’s  Iluid.  Hematoxylin-eosin. 

Reference  letters:  a,  Artcria  arciformis;  er,  ^Malpighian  corpu.scles; 
])c,  convoluted  tubules  of  cortex;  dp,  2iapillary  ducts;  pr,  medullary 
rays  of  cortex;  hc,  cortex;  .sm,  medulla;  tf,  tunicii  albuginea. 


tends  into  the  inednllary  sub.stunce  depends  njton  the  depth 
in  the  cortex  of  the  Malpighian  corpuscle  of  the  re.spective 
tubule ; this  loop  structure  of  the  uriniferous  tubule  is 
known  as  Ilenlc’s  loop.  It  consists  of  a thin,  long  de- 
scending limb,  which  has  quite  flat  epithelium  and  a rela- 
tively large  lumen,  and  a shorter,  thicker  ascending  limb 
with  considerably  higher  epithelium  of  flattened  cubic 
shape  resembling  that  of  the  convoluted  tubules,  but 
somewhat  lower  and  with  indistinct  cell  bofindaries. 

The  ascending  limb  passes  into  the  cortical  sub.stance 
and  continues  as  a short,  slightly  convoluted  portion  of  the 
tubule,  the  intermediary  portion.  It  lies  near  the  medul- 
lary rays  of  the  cortex  and  always  lies  deeper  than  the 
convoluted  tubule  belonging  to  it.  The  epithelium  of  the 
intermediary  j)ortion  is  formed  of  non-striated  columnar 
cells. 

The  intermediary  portion  is  followed  by  the  straight 
uriniferous  tubule,  which  is  situated  in  the  medullary  rays 
of  the  cortex  of  the  kidney.  The  straight  tnbnlcs  or  col- 
lecting tubules  form  the  beginnings  of  the  excretory  duct 
system.  Each  collecting  tubule  takes  up  several  urinifer- 
ous tubules,  and  in  the  medullary  ray.s,  and  especially  in  the 
medulla,  they  unite  at  acute  angles  to  form  larger  collect- 
ing tubules  ; and  finally,  with  still  greater  inerea.'^c  of  caliber, 
they  form  the  papillary  duel  ojK'iiing  on  the  area  eribrosa  of 
the  paj)illa.  The  colledhu/  tuhe.s  have  at  first  cubic  e])ithe- 
lium  ; later  it  becomes  columnar,  and  the  pa|)illary  duet 
has  tall  columnar  epithelium. 
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The  entire  uriniferous  tube  possesses  a structureless 
meuibraua  propria,  which,  however,  is  not  equally  distinct 


Fif;.  — Diiifiranmiatic  rc])rc‘.spntatioii  of  urinary  tubule:  cgl,  Cap- 

sule of  f'lonu-rulus;  (Ij),  jiaiullary  duct;  //,,  narrow  j)roxinial  limb  of 
Henle’s  loo]>;  //„  wider  distal  limb  of  the  loop;  ar,  collecting  tube;  tc, 
contorted  or  convoluted  tubule;  ach,  intermediary  portion. 


in  tdl  portions  of  tlic  tiiltc.  llctwccn  the  uriniferous 
tubules  there  is  found  a small  amount  of  inlerdilial  con- 
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PLATE  49.— Kidney. 

Fig.  1. — Portion  of  a Vertical  Section  of  the  Cortical  Sub- 
stance of  the  Human  Kidney.  X 45. 

The  jireiKiration  wa.s  taken  from  a man  who  had  been  executed. 

Tlie  lignre  .sliows  the  di.strilmtion  of  tlie  straight  and  convoluted 
tidinle.s  a.s  well  a.s  of  the  Mal])ighian  corimseles. 

Teclinic:  Zenker’s  solution.  1 lematoxylin-eosin. 

Iteferenee  letters:  .sc,  Convoluted  tuhules;  glomeruli;  s?',  medul- 
lary rays;  //,  tunica  lihrosii  or  albuginea;  <i,  interstitial  tissue  with 
blood-ves.scl.s. 

Fig.  2. — Small  Portion  of  the  Cortical  Substance  of  the 
Human  Kidney,  Showing  the  Transition  of  a Convoluted 
Tubule  into  the  Bowman’s  Capsule.  X 280. 

The  ligure,  sluiws  a glomerulus  within  its  capsule.  The  flattened 
e]>ithelinm  of  the  latter  ])a.s.ses  immediately  over  into  the  cubie  epithe- 
lium of  a convoluted  tnhule.  In  addition  to  this,  we  see  transverse 
sections  of  the  convoluted  tnhules  with  striated  c])ithclium,  without 
cell  houndaries,  and  also  .sections  of  the  intermediary  tubules. 

’rechnic,  eU:.,  as  in  Fig.  1. 

Kefcrence  letters:  cc//,  Howman’s  capsule;  r/f,  glomerulus;  5'c//,  inter- 
mediary ])ortion;  /c,  convoluted  tubules;  ti,  interstitial  connective 
ti.ssne;  Xi  intermediary  iiortion  cut  tangentially. 

Fig.  :L — Epithelium  of  the  Convoluted  Tubules  of  the 
Human  Kidney,  Showing  Striated  Border.  X -'’dO. 

'I'lie  figure  shows  a jiOrtion  of  the  epithelium  of  the  convoluted 
tubule,  wbich  jire.sents  the  striated  border,  but  no  basal  striatiou. 

'Technic,  etc.,  as  in  Fig.  1. 

nedive  ii.'ime,  containing  tlie  lilood-ve-ssels  and  nerves  of 
the  kidney. 

The  blood-vcm’h  of  tlie  kidney  are  worthy  of  note. 
The  arteries  enter  the  kidney  sub.stance  at  the  base  of  the 
jivrainid,  near  the  boundaries  of  the  colinnns  of  Jfertini. 
liere  tlie  main  trunks  of  the  renal  artery  braneh  into  the 
arterke  arcifonnes,  arching  at  the  boundaries  of  the  cortical 
and  medullary  substance.  From  the  convex  side  of  the 
arch,  which  is  turned  toward  the  cortical  substance, 
branches  ari.se,  the  .so-called  interlobular  arteries,^  which 
ascend  into  the  cortex,  between  the  mednllary  rays  toward 
the  surface  of  the  kidney,  and  give  off  the  va.sa  allerenlia 
for  the  glomeruli  of  (he  renal  cor])Usch's.  I he  f/loineruli 

'.So  ciillcd  bccunse  tlie  iiortion  of  tlie  uriimry  tubules  belonging 
lo  one,  ]m|)illiiry  duct  is  reganb'd  as  a renal  lobule.  'I  be  renal  lobules 
are,  liowever,  not  .separated  from  eacb  other. 
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! represent  retia  mirabilia,  tlie  efferent  branches  of  tlie 
! glomeruli  carrying  arterial  blood.  The  glomeruli  of  the 
! kidney  are  therefore  inclosed  in  the  arterial  circle.  The 
t afferent  vessel,  vas  afferens,  as  well  as  the  smaller  efferent 
vessel,  the  vas  efferens,  are  arteries.  The  vascnlar  wind- 
I ings  of  the  glomernlns  show  the  structure  of  capillaries, 
I possessing  a syncitial  endothelium,  but  they  are  larger 
i than  ordinary  capillaries.  From  the  vasa  efferentia  of  the 
I glomeruli  arise  true  capillaries,  which  are  distributed  in 
part  to  the  convoluted  tubules  of  the  cortical  substance  and 
in  part  extend  as  very  small  sti'aight  arteries,  the  so-called 
arteriohe  reette,  into  the  medullary  substance.  Cortical 
branches  also  arise  from  the  terminal  branches  of  the  in- 
terlobular arteries. 

From  a number  of  capillaries  and  very  small  veins,  the 
veins  of  the  cortex  of  the  kidney  collect  cpiite  suddenlv  in 
the  cortical  .substance  just  under  the  capsule  to  form  the 
venuke  sleUake,  which  serve  as  points  of  origin  for  the 
interlobular  veins;  these  take  uj)  the  ca])illary  blood  from 
the  deeper  ])ortions  of  the  cortex.  They  accompany  the 
interlobular  arteries  and  ])ass  over  into  i\\o.  vcnce  arcifunnes, 
which,  in  position  and  other  conditions,  correspond  to  the 
arteriie  arcifonnes. 

AVhile  the  cortex  of  the  kidney  is  very  i-ich  in  blood- 
vessels, the  reverse  is  the  (!ase  in  the  medullary  ])ortion  of 
the  kidney.  As  the  large  vessels  of  the  kidney  run  at  the 
boundary  of  the  cortex  and  medulla,  no  large  blood-vessels 
are  contained  in  the  medulla  of  the  kidney.  The  arterial 
and  venous  trunks  of  the  medidlary  ])ortion  of  the  kidnev 
are  characterized  by  a straight  course  |)arallcl  to  the  course 
of  the  tubules  and  are  known  as  the  arteriohe  and  vena) 
reede.  The  capillaries  form  a long-meshcd  network.  The 
arteries  of  the  medullary  substance  are  in  j)art  direct 
branches  from  the  concavity  of  tin;  artcria  arciforiuis, 
])artly  vasa  efferentia  of  the  decjxT  glomeruli,  and  j)artlv 
deep  direct  branches  of  the  interlol)ular  arteries.  The 
venuhe  rectie  open  directly  into  the  veiae  arcifonnes. 
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PLATE  50— Kidney. 

Fig.  1. — Transverse  Section  of  the  Medullary  Substance 
of  the  Human  Kidney.  X h’>0. 

Tlie  jireiwiration  wa.s  taken  from  a man  who  had  been  executed, 
lie  li^ure  shows  sections  of  large  collecting  tuhules  with  columnar 
epithelium;  smaller  tubules  with  llattened  cubic  e])ithelium  (descend- 
ing limb  of  Jlcnle’s  loop)  and  cross-sections  of  capillaries. 

T’echnic:  Miiller’s  Iluid.  Jlcmatoxylin-eosin. 

Jvcference  letters:  c,  Iflood  capillaries;  i/Sj,  ascending  limb  of 
Ifenle’s  loop;  descending  limb  of  Jlenle’s  loop;  //•,  collecting 

tuhules. 

Fig.  2. — F^ortion  of  a Transverse  Section  of  a Human 
Kidney  Injected  through  the  Arteries.  X 15. 

The  figure  shows  the  lioundariesof  cortical  and  medullary  substance, 
and  the  ailjacent  parts  of  both.  It  .shows  the  principal  relations  of  the 
renal  arteries. 

Technic:  Injection  with  Berlin  blue  gelatin.  MUller’s  fluid. 
Borax-cjirmin. 

Jteference  lettem:  ai,  Interlobular  arteries;  ar,  arteriolai  rectte;  gl, 
glomeruli;  m,  vena  arciformis. 


Direct  anaslomose.s  between  arteries  and  veins  occur  in  the 
kidney. 

The  lymph-vcxscls  of  tlic  kidney  rtin  in  company  with  the 
arterie.s  ; likewise,  the  sympathetic  nerves  form  jilexnses  for 
the  I)lood-ves.sels  and  can  be  followed  even  to  the  glomeruli. 
iSympatlietic  nerve-fibers  terminate  also  on  the  epithelium 
of  the  itriniferons  tubules. 


PLATE  51.— Kidney. 

Fig.  1. — Two  Injected  Glomeruli  of  the  Human  Kidney. 

X 120. 

Reference  letters:  v(i,  Vas  aflerens;  vas  offerens. 

Fig.  2. — Portion  of  a Cross=section  through  the  Kidney  of 
a Guinea=pig,  Injected  through  the  Vein.  X 15. 

The  figure  .shows  the  entire  thickness  of  the  cortical  substance  and 
the  greater  portion  of  the  medullary  substance.  Only  the  veins 
and  capillaries  are  injected,  and  not  the  arteries;  hence  not  the  glom- 
eruli. 

fl’echnic:  Injection  with  Berlin  blue  gelatin.  Miiller’s  fluid.  Borax- 
carmin. 

Reference  letters:  c,,  Caiullaries  of  the  cortex;  Cj,  ca]nllaries  of 
the  medullary  substance;  hc,  cortical  substance;  .shi,  medulla;  w,  vena 
areil'onuis;  r/’,  veniilic  I'eidiu;  vnt.  venuhe  steltatie,  ])artly  jm-ssing  into 
the  venie  interlolni lares. 
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: THE  EFFERENT  URINARY  PASSAGES. 

The  efferent  urinary  passages  include  the  calices  and 
1 pc/r/s  of  the  kidnei/,  the  ureter,  tlie  bladder,  the  female 
I urethra,  and  tlie  beyinniiaj  of  the  male  urethra.  These  are 
, all  lined  with  the  same  epithelium,  the  so-called  tramitional 
: epithelium  (see  page  32). 

The  mucous  membrane  of  the  ureter  and  its  radicles, 
which  is  much  folded  when  cm])ty,  consists  of  a tliin  con- 
nective-tissue membrane  containing  elastic  fibers,  which 
passes  without  distinct  boundaries  into  the  submucosa. 
There  are  no  glands  ami  no  muscularis  mucosae.  The 
mucous  nieml)rane  contains  numerous  lympli-cells,  which 
occasionally  form  larger  collections  and  arc  also  met  in 
the  epithelium.  Tlie  numudature  of  the  ureter  is  charac- 
terized by  scattered  bundles  of  muscle  separated  by  con- 
nective-tissue Inmdles.  It  is  most  fully  developed  in  the 
lower  portion  of  the  duct.  It  consists  there  of  inner 
I longitudinal,  middle  circular,  ami  outer  longitudinal  bun- 
! dies.  The  latter  are  almost  entirely  lacking  in  the  upper 
portion.  The  mnscnlatnre  is  surrounded  on  the  outside 
by  a connective-tissue  adventitia.  The  blood  capillaries  of 
I the  mucous  membrane  of  the  ureter  are  in  direct  contact 
‘ with  the  epithelinm,  so  that  in  the  fdds  they  seem  to  lie 
in  the  ejiithelinm  ; they  lie,  however,  in  small  folds  of 
the  mucosa  practically  composed  of  the  ca])illaries. 

The  bladder  is  very  similar  in  structure  to  the  ureter. 
The  epithelium  of  the  two  is  the  saim“.  d'he  mucous 
membrane  of  the  bladder  shows  the  same  characteristics 
as  that  of  the  ureter;  it  not  infrc(piently  contains  small 
lymph-nodes.  The  suI)mncosa,  also,  is  not  well  separated 
from  the  mucosa  and  contains  adi[)ose  tissue  occasionally. 
The  bladder,  as  well  as  the  ureter,  contains  no  glands. 

The  mmculature  of  the  bladder  is  much  more  developed 
than  that  of  the  ureter,  but  it  jircsents  the  same  lamina- 
tion, an  inner  and  an  outer  longitudinal  layer  and  a mid- 
dle circular.  The  muscle  layers,  especially  the  inner 


174 


THE  URINARY  ORGANS. 


PLATE  52— URETER,  BLADDER. 

Fig.  1.— Transverse  Section  of  the  Wall  of  the  Human 
Bladder.  X 

The  preparation  was  taken  from  a man  wlio  had  been  executed. 

The  fifiiire  a'wi'S  a general  view  of  the  .structure  of  the  bladder. 

Technic:  Zenker’s  solution.  J lematoxylin-eosin. 

Jveference  letters:  atm,  ICxternal  longitudinal  layer  of  mu.scle;  ep, 
eiiithelinm;  ilm,  inner  longitudinal  layer  of  muscle;  rm,  circnlar  mus- 
cle, layer;  snhmucosa;  ta,  tunica  adventitia;  fp,  tunica  propria. 

Fki.  2. — Transverse  Section  through  the  Human  Ureter. 

X -’•">• 

The  preparation  was  taken  from  a man  who  had  been  executed. 

The  lignre  gives  a general  view  of  the  structure  of  the  ureter. 

Technic:  Absolute  alcohol,  llematoxylin-eosin. 

Reference  letters:  nJ,  I'lxternal  longitudinal  layer  of  muscile;  cp, 
epithelium;  ilm,  inner  longitudinal  layer  of  muscle;  L,  lumen;  rm, 
circular  muscle  layer;  mn,  submuco.sa  ; ta,  tunica  adventitia;  ip,  tunica 
projiria. 


longitiidiiiiil  layer,  show  distinct  reticular  arrangement  of 
the  fibers.  Tlie  wall  of  the  bladder  of  amphibia  con- 
t;dns  ])erfect  networks  of  smooth  mn.sele-fibers  (see  Fig.  2, 
Plate  58).  4’he  ujiper  and  jiosterior  portions  of  the  blad- 
der have  a serous  covering  of  peritoneum. 

4'here  are  said  to  be  no  lymj)h-ves.sels  in  the  mneons 
membrane  of  the  bladder;  they  occur  in  the  musculature. 

The  outer  ])ortion  of  the  female  urethra  is  lined  by 
stratified  pavement  ejiithelinm,  while  the  inner  is  lined  by 
transitional  ej)ithelium.  In  the  outermost  portion  of  the 
female  urethra  are  found  mucous  glands.  The  mneons 
membrane  contains  numerous  veins,  forming  a dense 
network.  The  female  urethra  is  surrounded  by  a well- 
developed  muscle,  which  is  arranged  mostly  in  circnlar 
layers.  The  inner  layer  of  this  muscle,  in  wddeh  the  fibers 
are  arranged  longitudinally,  is  permeated  by  the  venous 
jilexus  of  the  mucosa. 

For  the  male  urethra  see  the  male  rejiroductive  organs. 
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VII.  THE  MALE  REPRODUCTIVE  ORGANS. 


The  testis  is  a compoimd  tubular  gland,  with  an  auas- 
toinosing  duct  system,  which  is  surroumh'd  by  a firm  con- 
nective-tissue sheath,  the  tunica  albuginea.  On  the  pos- 
terior surface  of  the  testis  a wedge-shaped  connective-tissue 
structure  is  found,  known  as  the  mediastinuni  testh  or  corpus 
Highmori,  from  which  pass  vascular  connective-tissue 
trabeculsB,  the  septula  testis,  to  the  tunica  albuginea. 
These  bound  the  several  pyramidal  lobules  of  the  testis, 
the  lobuli  te-iti-s.  The  lobules  contain  the  greatly  con- 
voluted tubuli  seniiniferi  contorti,  the  true  parenchyma  of 
the  testis,  between  which  strands  of  very  loose  connec- 
tive tissue  are  found.  In  addition  to  the  nerves  and 
blood-vessels,  the  interstitial  connective  tissue  of  the  lobule 
in  man  contains  a varying  numbcu’  of  large  plamna  celh 
with  relati\x‘ly  small  nuclei,  wliich  contain  fat  droplets, 
pigment,  and  crystalloids.  In  many  animals  these  inter- 
.stitial  cells,  also  called  interstitial  testicular  cells,  are  very 
! well  developed  and  scarcely  less  ])rominent  than  the 
1 parenchyma, — for  instance  in  the  testis  of  the  boar, — 

I which  therefore  appears  brown  in  cross-section  like  the 
liver. 

The  convoluted  tubnlc.H  of  the  tc.'tti.s  begin  in  the  lobule  in 
the  neighborhood  of  the  all)Uginea,  partly  in  blind  ends 
and  partly  branched  reticularly.  Toward  the  boundary 
of  the  mediastinum  testis  the  tubules  become  less  con- 
voluted and  finally  straight,  forming  the  tubuli  recti  ; these 
continue  into  the  rete,  tenti.H  situated  in  the  mediastinum. 

; The  latter  represents  the  beginning  of  the  excretory  duct 
I system. 

The  walls  of  the  convoluted  tubules  consist  of  several 
i nucleated  layers,  which  have  on  their  inner  surface  a strati- 
1 tied  epithelium  varying  in  ap[)earance  and  structure  accord- 
j ing  to  the  stage  of  spermatogenesis.  For  the  same  reason 
the  size  of  the  normally  relatively  large  lumen  varies. 
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PLATE  53— TESTIS. 

Fio.  1.— Transverse  Section  of  the  Testis,  Epididymis,  and 
Vas  Deferens  of  a Child.  X 10- 

The  ligure  represents  tlie  general  picture  of  the  testis  and  its 
adnexa. 

Technic:  Miiller’s  fluid,  neinatoxylin-eosin. 

Reference  lettcra:  hg,  Blood-vessels  (especially  veins  of  the  plexus 
j)ainpiniforinis) ; rW,  vius  deferens;  Ep,  epididymis;/,  lohules  of  testis; 
m,  inedijustinum  testis;  rt,  rete  testis;  s,  septula  testis;  T,  testis;  /«, 
tunica  albuginea. 

Fia.  2. — Portion  of  a Transverse  Section  of  a Lobule  of  the 
Human  Testis.  X bO- 

The  prci)aration  was  token  from  a man  who  had  been  executed. 

The  ligure  shows  the  cros.s-section  of  the  convoluted  seminiferous 
tul)ules  and  of  the  interstitial  tissue  of  the  testis. 

Technic:  Zenker’s  solution.  J lemato.\ylin-eo.sin. 

Reference  letters:  tc,  Convoluted  tubules;  ti,  interstitial  tissue;  Zz, 
interstitial  cells. 


During  .spormatogcMio.sis  tlin  epitlielium  of  the  convoluted 
tuhulc.s  i.s  so  iirrangcd  tliat  the  youngest  generation  of  cells 
is  nearest  to  tlie  luincu,  the  oldest  toward  the  wall  of  the 
canal.  The  secretion  of  the  seminal  tnbnles  consists  of 
the  spermatozoa  or  spermatosomes,  peculiar  motile  colls, 
consisting  of  three  constituents — the  body  or  head,  the 
middle  piece,  and  the  tail. 

Under  higlier  magnification,  other  structural  peculiari- 
ties l)elougiug  to  the  sjiermatosomes  are  observed  in  many 
of  the  lower  vertebrates,  as  well  as  in  the  higher  animals 
and  man,  notably  a tail  fiber  and  an  undulating  membrane. 
The  head  consists  of  almo.st  jnire  chromatin  and  is  tlie 
nucleus  of  the  transformed  cell.  In  the  middle  piece  the 
centrosome  is  represented  and  the  tail  fiber,  Avhich  is  char- 
acterized by  whij)-like  movemcnt.s,  is  probably  protojilas- 
mic.  In  the  fresh  state  the  head  ap]icars  dark,  the 
middle  jiiccc  (piite  clear  and  trans]>arcnt. 

The  mature  sjiermatosomes  of  man  arc  about  50//  long; 
the  head  is  elliptic,  about  4//  long  and  24//  broad,  with  ' 
the  anterior  end  somewhat  flattened,  so  that  in  lateral 
view  it  appears  jiear-shaped.  The  middle  piece  is  narrow, 
short,  cylindric,  and  the  tail  fiber  is  long.  The  spermaio- 
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I somes  arise  directly  from  one  of  the  cells  of  the  tubules  of 
I the  testis,  the  so-called  spennatids,  or  sperm-cells.  These 
I arise  by  mitotic  division  from  the  mother  sperm-cells,  or 
I spennatoci/tes.  The  spermatocytes  arise  from  the  primor- 
I dial  cells,  or  the  speiiniatogoncs. 

Besides  the  three  generations  of  cells  whose  end-pro- 
i ducts  are  the  cellular  secretion  of  the  testis,  the  spermato- 
; somes,  another  variety  of  epithelial  cell  is  found  in  the 
‘ epithelium  of  the  tubuli  contorti  of  the  testis,  which  takes 
I no  part  in  the  process  of  spermatogenesis,  but  which  serves 
as  a .supporting  element  for  the  mature  spermatosomes. 
These  cells  are  known  as  Sertoli’s  cells.  Each  cell  has  an 
elongated  nucleus,  often  pointed  toward  the  lumen  of  the 
tubule;  in  comparison  with  the  nuclei  of  the  other  epithe- 
lial cells  of  the  testis,  it  is  noteworthy  on  account  of  the 
small  amount  of  cliromatin.  In  the  resting  state  the 
nucleus  is  surrounded  by  a small  amount  of  protoplasm. 
In  most  mammalia  tlie  nuclei  of  the  Sertoli  cells  lie  adja- 
cent to  the  wall  of  tlie  tubule.  In  man,  however,  the 
nuclei  of  the  .Sertoli  cells  lie  nearer  to  the  lumen  of  the 
tubule,  so  that  the  pedicle  of  the  spermatoblasts  is  very 
! short. 

I The  transformation  of  the  spei'inatids  into  spcmndosomes 
I takes  place  in  the  following  manner:  The  spermatids  are 
j cpiite  small  round  cells  with  sj)hcric  nuclei.  The  cells 
I assume  an  oval  form,  the  nuclei  being  also  elongat(‘d. 

I The  latter  become  rich  in  chromatin  and  at  the  same  time 
' smaller.  The  nucleus  then  recedes  to  the  side  of  the  cell 
away  from  the  lumen  of  the  canal.  A groiij)  of  these 
motamor])hosed  spermatids  now  enter  into  close  relaliou 
with  a Sertoli  cell,  with  the  protoplasm  of  which  their  ]>ro- 
to])lasrn  fuses.  By  this  means  a structure  develo])s,  which 
is  called  a sp<rmatohlast.  Each  spermatoblast  consists  of 
the  nucleus  of  the  Sertoli  cell,  generally  lying  next  to  the 
.sheath  of  the  tubide,  of  a ])rotoplasmic  pedicle,  and  of  a 
broad  ])rotoplasniic  mass  adjoining  the  lumen  of  the  tubide 
and  consisting  of  the  fused  cell-bodies  of  the  spermatids. 
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PLATE  54— TESTIS. 

Thvfujnrcn  of  lhin  plate,  reprcenii  portion!^  of  the  convoluted  tubules  of 
the  human  testis,  diirini;  the  process  of  sjurmatof/cuesis. 

T'lie  material  for  (he  pre])aration  was  removed  by  an  operation, 
seemred  by  Professor  Jienda,  of  IknTin,  and  was  fixed  in  potiissiuin 
biebromate-nitrie  aeid.  Iron-bematoxylin-eosin. 

Fio.  1. — Portion  of  the  Wall  ot  the  Tubule  of  the  Testis, 
Shortly  After  the  Evacuation  of  a Generation  of  Spermat=> 
osomes.  X 

The  figure  still  sliows  some  spermatosomes,  wbicb  lie  between  the 
innermost  layers  of  s))ermatids  and  several  layers  of  spermatogones; 
between  (be  latter  ami  ])art,ly  also  between  the  spermatocytes  are  seen 
tbe  nuclei  of  the  S(‘rtoli  cells;  all  cells  arc  in  the  resting  state.  Out- 
side is  s(‘en  (be  membrane  of  tbe  tubules,  witb  llattened  nuclei. 

Fid.  'J. — A Spermatoblast  under  Higher  Magnification. 
X boo. 

Fid.  :i. — F^ortion  of  a Seminal  Tubule,  in  which  the  Trans- 
formation of  the  Spermatids  into  Spermatosomes  is  Going 
on.  X l:’0- 

Tbe  s])(U'matids  are  elongated,  tbeir  nuclei  are  small,  rich  in  ebro- 
m.'din  and  exeentrio,  but  they  liave  no  connection  witb  tbe  Sertoli 
cells. 

Fid.  1. — Portion  of  a Seminal  Tubule  in  the  Stage  of  Sper- 
matoblasts.  X l--b- 

Tbe  maturing  s])ennatosomes  witb  tbe  Sertoli  cells  form  complexes 
called  spermatobliists.  Olberwi.se  we  find  only  si)crmatocytes  and 
spermatogones. 

Fid.  5. — Portion  of  a Seminal  Tubule  in  the  Stage  of  Di- 
vision of  the  Spermatocytes.  X 420. 

Tbe  spm-matobla.sts  are  ])re.sent.  'Tbe  spermatocytes  are  seen  p.artly 
in  milotic  division  and  partly  already  dividc'd. 

Reference  letters  for  Figs.  1,  3,  '1,  and  f>:  h,  Connective-tissue  sbeatb; 
mi,  mitoses  in  si)ermato(!ytes;  sjM,  sjiermatolilasts;  sjm,  spermatocytes; 
spd,  sjiermatogones;  spt,  spermatids;  s])tz,  spermatozoa;  sZ,  Sertoli’s 
cells. 


As  tlie  elongated  cell-bodies  of  llie  spermatids  do  not  en- 
tirely fn.se  witli  the  spermatoblast,  this  structure  jn’osents 
toward  the  lumen  jieenliar  ])roeesses  eorres])onding  to  the 
elongated  cell-bodies  of  the  s])ermatids.  In  this  jiroto- 
plasm  the  nuclei  of  the  sjiermatids  undergo  the  entire 
transformation  into  the  heads  of  the  spermatosomes,  while 
at  the  .same  time  the  centrosomes  of  the  spermatids  form 
lh(“  middle  pi('c(!  of  the  spi'cmatosonu's.  'I  he  contractile 
tail  filaments  develop  from  the  jirotoplasm  of  the  sperma- 
tids and  probidjly  also  in  part  from  that  of  the  spernuito- 
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blasts.  The  gTcater  ])ortion  of  tlie  protoplasm  of  the 
sperniatoblasts  is  not  used  in  the  formation  of  tlie  s])ernuit- 
osomes,  but  breaks  uj)  in  the  lumen  of  the  tubule  after 
these  have  entirely  matured  and  been  set  free. 

With  tlie  maturing  of  tlie  spermatosomes  and  their 
extrusion  into  the  lumen  of  the  tubules,  their  union 
witli  the  spcrmatoblasts  ceases  and  the  Sertoli  cells  re- 
turn to  the  resting  state,  later  to  enter  into  connection 
with  new  generations  of  spermatids  and  form  spcrmato- 
blasts. As  the  secretion  of  the  testis  consists  of  cells 
arising  from  the  transformation  of  the  epithelial  cells  of 
the  convoluted  tubules  of  the  testis,  the  cells  thus  used 
must  be  replaced  by  the  division  of  the  remaining  cells. 
This  is  done  by  the  mother  sperm-cells,  which  are  again 
regenerated  lyv  the  spermatogones. 

The  spermatogones  lie  between  the  Sertoli  cells  and  the 
periphery  of  the  tubule ; they  arc  c|uitc  small  round  cells 
with  nnclci  rich  in  chromatin.  By  division  of  a sper- 
matogone there  are  formed  two  daughter  cells,  one  of 
which  retains  the  ])osition  of  the  spermatogone  near  the 
wall  of  the  tubule  and  remains  a s])ermatogonc  ; the  other 
daughter  cell,  which  is  situat(!(l  toward  the  interior  of  the 
tubule,  becomes  a mother  sperm-cell  or  s])ermatocyte,  and 
increases  considerably  in  size. 

The  spennatoe.jfte.s  are  larger  round  or  polygonal  cells, 
with  large  nuclei,  which  show  a distinct  network  of 
chromatin  fd)crs.  They  lie  in  one  oi‘  two  layers  between 
the  spermatids  and  spermatogones.  By  means  of  two 
mitotic  divisions,  which  succeed  each  other  with  slight 
intcruussion,  th(>y  ]»roduc(!  a generation  of  much  smaller 
cells,  the  abovc-dc'scribcd  spermatids^  which  arc  in  several 
layers.  It  may  therefore  be  seen  that  the  convoluted 
tid)ides  of  the  testis  have  a dilfereiit  appeai-ance,  according 
to  the  stage  of  spermatogenesis.  It  maybe  stated  that  in 
many  vertebrates,  and  especially  in  certain  of  the  lower 
vertebrates,  the  pro(!Csses  of  s|)ermatogcncsis  can  l)c  ob- 
served much  more  distinctly  than  in  man. 
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PLATE  55.— Epididymis. 


I' Hi.  1.— Portion  of  a Transverse  Section  of  the  Epididymis. 
X HO. 

The  ))re])aration  was  taken  from  a man  who  had  been  executed. 

'The  iifrure  shows  the  eros.s-.section.s  of  the  ductuli  efl'erentes  testis. 
Teehnic:  Zenker’s  .solution.  Hematoxylin-eosin. 

Kelerence  letters:  InUj,  Connective  ti.ssue;  wi,  muscularis;  Xi  cryjjts 
of  e])itheliiim. 

I'Ki.  2.— Portion  of  Transverse  Section  of  the  Epididymis. 
X HO. 

'Pile  ])rei)ara(ion  was  taken  from  a man  who  liad  been  executed. 

The  lifrure  shows  the  convoluted  ductus  epididyinidis  cut  several 
times. 

'Pechuic:  Zenker’s  solution.  Carmin-hcmatoxylin-eosin. 

Reference  letters:  fjr///,  Connective  tissue;  e,  capillaries;  cp,  epithe- 
lium; 7y,  lumen;  leukocytes;  muscailaris;  wp,  membrana  propria; 
X,  ])ortions  of  the  canal  cut  tangentially. 


Tlic  tiibuli  somiiiifevi  contorti  pass  directly  into  the 
tiil)uli  recti  and  the  rdv.  fr.stLs,  The  tnbuli  recti  are  very 
snnill  canals,  lined  by  cubic  or  ])aveinent  cells  in  a single 
layer.  Tlic  tnbuli  retdi  unite  to  form  a tubular  network,  , 
situated  in  the  inediastinnm  testis  and  known  as  the  rete  , 
t(‘stis.  The  anastomosing  tubules  or  spaces  of  the  rete 
testis  arc  lined  by  a noTi-ciliated  flattened  or  cubic  epithc-  , 
lium.  From  the  tubular  network  arise  from  twelve  to  ' 
fifteen  tubules,  the  vasa  efferentia,  which  pass  to  the  globus 
major  of  the  c})ididymis. 

The  blood-ve.'i.se/s  of  tlie  testis  form  dense  capillary  net- 
works around  the  tnbuli  contorti.  Numcrons  lyinjih- 
canals  are  found  especially  under  the  tunica  albuginea. 

The  nerve.H  of  the  testis  are  non-medullated  symj)athetic 
fil)ers,  whose  manner  of  ending  has  not  yet  been  fully  ; 
determined,  although  they  have  been  traced  to  the  walls  • 
of  the  tnbuli  contorti. 


THE  EFFERENT  SEMINAL  PASSAGES. 

'The  tubules  of  the  ep!(li(h/mi.'<,  eoni])rising  the  rasa 
rJj'rrnUia  and  (hirf,u.s  (pididifmidis^  the  vas  deferens,  the  semi- 
u(d  re.dde,  the  prostate,  and  urethra  (see  jiage  174),  together 
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I Avith  the  sniallei'  and  larger  glandular  structures,  belong 
! to  the  efferent  seminal  passages.  The  vasa  efferentia  are 
large  canals  and  are  lined  witli  two  kinds  of  epithelial 
. cells ; the  cells  of  one  variety  are  of  relatively  high  col- 
I umnar  shape  ; of  the  other,  low  cubic.  The  cubic  cells 

i lie  between  groups  of  the  columnar  cells,  so  as  to  form 

intra-epithelial  crypts.  These  crypts  are  regarded  as 
intra-e})ithelial  glands.  The  columnar  cells  are  usually, 
though  not  always,  ciliated,  making  the  crypts  appear  still 
deeper.  The  e[)ithelium  is  surrounded  by  a single  layer 
of  smooth  muscle-cells  and  a thin  layer  of  connective  tissue. 
The  vasa  efferentia  unite  to  form  the  ductus  ejildidyniidis, 
which  is  much  convoluted  in  tlie  body  of  the  epididymis 
and  is  lined  by  a stratified  ciliated  epithelium,  consisting 
of  two  layers  of  cells  (see  page  31). 

The  layer  of  cells  lying  next  to  the  lumen  consists  of 
very  high,  narrow,  cylindric  cells,  whose  nuclei  alternate 
— that  is,  are  at  different  levels.  They  bear  long  whip- 
like cilia,  each  cell  having  but  a small  number.  The  cells 
of  the  lower  layer  are  s})heric  or  somewhat  flattened  cells 
(see  Plate  3,  Fig.  3). 

Outside  of  the  meml)rana  propria  there  is  found  a rela- 
tively thin  layer  of  non-striated  muscle-cells,  Avhich  is 
usually  much  more  distinct  in  the  lower  ])ortion  of  the 
epididymis,  and  especially  at  the  transition  into  the  vas 
deferens,  than  in  the  upper  ])or(ion. 

The  vas  deferens  is  a long  canal  with  relatively  nar- 
row lumen,  and  especially  well-developed  museidar  walls. 
Its  eijifliclium  is  similar  to  that  of  the  ductus  e])ididymidis, 
consisting  of  a two-layered  stratified  ciliated  e])ithelium. 
It  is  seldom,  however,  that  the  duet  us  deh'iAms  is  ciliated 
throughout.  Attention  may  here  b(‘ drawn  to  the  fact  that 
the  epithelium  of  tlu!  seminal  duets,  like  much  of  the 
epithelium  of  the  seminal  passage's,  undergoes  manifold 
variations.  The  inucotni,  wliieli  can  seareelv  be  separated 
from  the  siiliniiicosa,  contains  no  glands,  but  man\’  elastic 
fibers.  The  mmcularis  is  very  well  (hwelojied  and  forms 
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PLATE  56.— SEMINAL  PASSAGES,  SPERMATIC  CORD. 

Fia.  1. — Transverse  Section  of  the  Lower  Portion  of  the 
Vas  Deferens  of  Man.  X S-"’- 

The  ])repara(ion  wa.s  taken  from  a man  who  had  been  executed. 

The  li;^iire  ^ives  a f^eneral  view  of  tlie  lamination  of  tlie  wall  of  the 
.seminal  duct  in  the  neighborhood  of  its  opcnin<>;  into  the  prostate. 

Technic:  Milller’s  Iluid.  I lematoxylin-eosin. 

Reference  lettei's:  aim,  External  longitudinal  layer  of  mu.scle;  cp, 
ei)ithelium;  ;/,  blood-vessels;  Hm,  inner  longitudinal  layer  of  muscle; 
L,  lumen;  rm,  circular  layer  of  muscle;  In,  tunica  adventitia. 

Fio.  2. — Transverse  Section  of  the  Spermatic  Cord  of  Man. 
X 10. 

The  i)re))aration  wa.s  tid<en  from  the  spermatic  cord  of  a man  who 
had  been  executed. 

The  ligure  shows  the  s])ermatic  cord  without  its  sheath, s,  also  the 
ductus  deferens,  the  plexus  venosus  paini)iniforinis,  arteries  and 
nerves. 

T'(ichnic:  Zimker’s  solution,  irematoxylin-eosin. 

Reference  letters:  n.  Arteries;  ilil,  transvense  section  of  the  seminal 
dnet,  with  highly  devcloix'd  external  longitudinal  muscular  layer;  F, 
adijKKse  tissue;  ?r,  nerves;  v,  inuscular  veins;  Xi  valves  of  a vein. 


nearly  ninc-tontlis  of  the  entire  tliickne.s.s  of  the  wall.  Its 
lamination  vjiries  in  the  course  of  the  duct.  At  first,  in 
the  neifrhhorhood  of  the  e])ididymis,  there  is  an  inner 
longitudinal,  a middle  eircnlar,  and  an  outer  longitudinal 
layer.  In  the  terminal  ])ortion,  a thin  inner  circular 
layer  is  added  and  the  other  layers  are  often  not  so  dis- 
tinctly sei)arated.  The  external  connective-tissue  sheath 
of  the  dnctns  deferens  contains  many  blood-vessels  and 
ahso  symjiathetic  nerves.  In  the  region  of  the  spermatic 
cord  we  find,  in  addifion  to  the  dnctns  deferens,  the  veins 
of  the  ]xivipini form  plexus  ; these  veins  have  a thick  mus- 
cle coat  and  contain  valves.  In  the  cord  are  also  found 
branches  of  the  internal  and  external  .spermatic  arteries 
and  the  fibers  of  the  crema.ster  mn.scle. 

The  ampulla  of  the  dnctns  deferens,  the  seminal  vesi- 
cle, and  the  ejaculalori/  duet  ])resent  essentially  the  same 
structure,  ddie  non-ciliated  columnar  ejnthelinm  of  the 
seminal  vesicles  fr(‘(|n('nlly  contains  ])igment  granules. 
Hesides  the  macrosco|)ic  folds  of  tla^  mnscnlar  walls  of  the 
seminal  vesicles,  the  mucous  membrane  shows  many  micro- 
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scopic  folds,  which  form  smaller  and  larger  diverticula  of 
the  mucous  meml)raue.  lu  addition  to  tliese,  there  arc  in 
the  poorly  differentiated  suhmucosa  larger  and  more  richly 
branched  diverticula  and  also  branched  tubular  glands. 
The  musculature  of  the  seminal  vesicle  is  irregularly 
arranged,  but  it  contains  mostly  circular  fibers.  In  tlie 
neighborhood  of  the  human  seminal  vesicles  we  often  find 
small  sympathetic  ganglia  of  the  myospermatic  plexus. 
The  secretion  of  the  seminal  vesicle  is  mucous.  It  usually 
contains  no  spermatozoa.  In  many  animals,  especially 
rodents  (mouse,  rat,  guinea-pig),  the  secretion  of  the  sem- 
inal vesicle  is  ejaculated  after  the  evacuation  of  the  semen. 
It  consists  of  a mass  which  soon  solidifies  and  closes  the 
vagina  as  a vaginal  i)hig  for  about  twenty-four  hours. 
These  animals  have  very  higlily  developed  s('minal  vesicles. 

The  prostate  is  an  organ  composed  of  glandular  tissue, 
a relatively  large  amount  of  non-striated  muscle,  and  a 
relatively  small  amount  of  connective  tissue;  it  surrounds 
the  beginning  of  the  urethra.  The  glandular  part  of  the 
]>rostate  consists  of  a number  of  branched  tubular  or  tubulo- 
alveolar  glands,  opening  into  the  urethra  by  separate 
excretory  ducts  ; tliesc  have  a relatively  large  lumen  and 
are  lined  by  cohunnar  or  cubic  epithelial  cells.  These 
cells  resemble  the  serous  cells  of  the  salivary  glands  more 
than  they  do  the  mucous  cells.  Ksj)ecially  at  advanced 
age  the  enlarged  hunina  of  the  [)rostate  gland  contain  strati- 
fied concretions  of  a brownish  color,  the  so-called  proafalic 
cahmli.  lietwecn  the  .separate  glands  and  between  the 
alveoli  of  the  glands,  many  smooth  muscle-libers  are 
found  separated  bv  a small  amount  of  coniu'ctive  tissue'. 

The  glandula  bulbourethralis,  or  C^ewper’s  gland,  is 
tul)ido-alveolar,  as  its  terminal  com  pari  ments  are  parllv 
tubular  and  partly  saccular.  Like  the  snialh'r  glands  of 
the  urethra,  it  contains  cells  which  rcsembh!  the  mucous 
cells  of  the  s<'divary  glands.  Its  excretory  duet  opens  into 
tlu!  tnembranons  portion  of  the  urethra. 

Thec^..<7/itYtitHi,of  the  male  urethra  vai-ies  in  the  different 
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PLATE  57.— Urethra,  Seminal  vesicle. 

Fio.  1.— Transverse  Section  of  the  Pars  Membranacea  of 
the  Male  Urethra.  X 18. 

T ho  i)rei)arution  wa.s  taken  from  a man  who  had  been  executed. 

Tlie  ligure  give.s  a general  view  of  the  atructure  of  the  male  urethra 
under  low  magnilie.ation. 

Teclinic:  Miiller’s  Iluid-formalin.  Hematoxylin-eosin, 

Reference  letters:  Ixj,  Rlood-vessels  of  mucous  membrane  (veins); 
ep,  e])ithelium;  ///,  urethral  glands  (Littre);  they  lie  ])artly  in  the 
suhmucosii  (at  tlie  left)  and  ])artly  in  tlie  muscularis;  hn,  longitudinal 
mn.scle;  L,  lumen;  rm,  circular  mu.scle;  ip,  tunica  propria  or  mucous 
membrane. 

Fio.  2. — Transverse  Section  of  the  Upper  End  of  the  Human 
Seminal  Vesicle.  X 12. 

The  iire])aration  was  taken  from  a man  who  had  been  executed. 

The  iigiire  rc]ire.sents  a slightly  magnilied  general  picture. 

Technic:  Zenker’s  solution.  Hematoxylin-eosin. 

Reference  letters:  hg,  RIood-ves.sels  in  the  adventitial  connective 
tissue;  rp,  e])ithelium;  gi,  gland-like  crypts  of  the  mucous  membrane; 
L,  lumen;  M,  muscularis;  S,  secretion  retracted  from  the  wall  by 
shrinking;  ip,  tuniwi  proi)ria  or  mucous  membrane. 

portions.  The  beginning — to  tlie  opening  of  the  ejacula- 
tory duets — has  still  the  transitional  epithelium  of  the  effer- 
ent urinary  passages.  The  remaining  portion  of  the  male 
urethra  has  generally  stratified  columnar  e])ithelium,  while 
the  terminal  portion,  the  fo.s.sa  naviculari.s,  is  lined  by 
stratified  pavement  epithelium,  similar  to  the  epithelium 
of  the  glans  penis. 


PLATE  58.— PROSTATE. 

Fig.  1. — Portion  of  a Transverse  Section  of  the  Prostate  of 
an  Adult.  X 45. 

The  preparation  was  taken  from  a man  who  had  been  executed. 

The  figure  shows  the  prostatic  gland  tubules  of  very  different  size 
and  width,  within  a ti.ssue  which  is  very  rich  in  smooth  muscle-libcrs 
and  relatively  poor  in  connective  ti.ssue. 

Technic:  Zenker’s  solution.  Hematoxylin-eosin. 

Reference  letters:  Is,  Gland  tubules;  m,  musculature. 

Fig.  2.— Portion  of  the  Wall  of  a Distended  Urinary 
Bladder  of  a Frog.  X 80. 

The  liffure  shows  the  reticular  arrangement  of  the  smooth  muscle, 
with  connective-tissue  cells  lying  between.  The,  epithelium  is  ab.seiit. 

Technic;  Filling  of  the  bladder  with  a solution  of  potassium  chro- 
mate. Pencil iiig  olT  the,  epithelium.  Hematoxylin-eosin. 

Reference  letters:  gim.  Smooth  musc:lc-fibcrs;  hz,  connective-tissue 
cells. 
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The  mucous  membrane  of  the  male  urethra  in  the  pars 
niembranacea  and  cavernosa  is  rich  in  elastic  fibers  and, 
like  the  snbuuicosa  and  the  adjacent  parts  of  the  mnscn- 
laris,  contains  many  wide  veins,  which  form  ])lexuses, 
Mncons  membrane  and  submncosa  are  quite  intimately 
connected,  since  there  is  no  mnscnlaris  inncosse.  The 
snbmncosa  contains  l)ranched  tnbnlo-alveolar  glands,  small 
mucous  glands,  known  as  the  glands  of  I^ittre. 

The  musculature  of  the  urethra  consists  of  two  not  very 
distinctly  separated  layers  of  non-striated  muscle,  a thinner 
inner  longitudinal  layer  and  a thicker  external  circular 
layer.  In  the  prostatic  and  membranous  portions,  striated 
muscle-fibers  from  the  mnscidns  transversns  perinei  pro- 
fundus are  added. 

Tlie  penis  consists  essentially  of  the  three  cavernous 
bodies:  the  two  corpora  cavernosa  and  the  corpus  spongi- 
osum containing  the  urethra.  The  corpora  cavernosa 
have  a strong  connective-tissue  sheath,  the  tunica  albu- 
ginea, and  within  tliis  a meshwork  of  connective-tissue 
I septa,  in  which  are  found  non-striated  muscle-fibers.  Tlie 
I meshes  are  blood  sinuses,  into  which,  without  changing  into 
capillaries,  the  arteries  of  the  penis  open.  The  tunica 
albuginea  of  the  corpus  spongiosnm  is  not  so  well  devel- 
I oped  as  tliat  of  the  corpora  cavernosa.  In  the  corpus 
spongiosum,  arteries  opcm  into  the  blood  spaces  of  the 
meshes  by  means  of  capillari(‘s.  Otherwise  the  structure 
is  the  same  as  that  of  tlie  corpora  caviM-nosa  of  the  penis. 
Tlie  skin  of  tlie  glans  jienis,  as  well  as  the  mucous  mem- 
brane of  the  urethra,  contains  free  nerve-endings  and  also 
endings  in  the  genital  corpuscles. 


VIII.  THE  FEMALE  REPRODUCTIVE  ORGANS. 

The  ovary  is  a gland  having  no  direct  excretory  duct 
(see  page  d!)).  In  com|)arison  with  the  ovaries  of  manv 
animals,  the  hiunan  ovary  is  very  rich  in  connective  tissue. 
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PLATE  59 —OVARY. 

Fig.  1. — Transverse  Section  through  the  Cortex  of  a 
Human  Ovary.  X 

The  ])i’e])aration  was  tjiken  from  a liftecn-ycar-old  girl  (Professor 
K.  \V.  Zimmermaiin,  of  Bern). 

'Pile  ligiire  shows  in  tlie  outer  zone  of  the  eortex  iiunieroiis  primor- 
dial follicles  and  deeper  in  the  tissues  a larger  Graaliau  follicle. 

Jvefereuce  letters:  A,  Tuidea  albuginea;  cp,  follicular  ei)ithelium; 
fj>,  )>rimordial  follicles;  or,  ovulum  in  the  discus  proligerus;  i/ic,  theca 
e.xU'i'ua  fol Heidi;  llii,  tliiva  intei'ua  folliculi  with  l)lood-ve.ssels. 

Fig.  2. — The  Ovum,  a Portion  of  the  Discus  Proligerus  of 
Fig.  I under  Higlier  Magnification.  X lldO. 

'Phe  figure  shows  the  ovum  with  its  nucleus,  the  germinal  vesicle, 
surrounded  hy  the  zona  iiellucida,  within  the  epithelial  cells  of  the 
disens  jiroligerus,  ]>art  of  which  show  mito.ses. 

Reference  letters:  Oo,  Zona  pellucida;  Kf,  germinal  siiot. 


.SO  tliat  in  oomparison  willi  the  well-developed  stroma  of 
tlie  :dl)iiginea  and  of  llie  eortex,  the  jiarenchyma  formed 
hy  life  oviirian  follicles  is  not  prominent.  The  cortical 
suhdance  of  the  ovtiry  is  surrounded  by  a tirm  fibrous  con- 
neetive-tissne  a.ll)i((/i)ica,  consisting  of  ;i  felt-work  of  con- 
neetive-tissne  bnndles.  In  the  cortex  is  found  the  paren- 
chyma of  the  ovary.  The  medullary  sulastancc  lies  in  the 
neighborhood  of  the  hilns  ovarii  and  contains  the  blood- 
ve.ssels  entering  the  organ,  es])ecially  many  veins.  Tlie 
■surface  of  the  ovary  is  covered  l>y  ])eritoneum  in  such  a 
way  tlmt  the  connective  tissue  of  the  latter  fuses  with  the 
stroma  of  the  ovary,  wdiile  the  ])critoneal  epithelium,  in 
the  form  of  low  columnar  or  cubic  cells,  covers  the  sur- 
face of  the  organ.  It  is  seen  most  distinctly  in  this  form 
in  the  ovfiry  of  the  new-born  and  is  known  as  rjermina! 
epithdh 


oitJielium,  since  from  it  the  entire  parenchyma  of  tin* 
ovary  is  develojx'd.  The  cortical  .sub.sfavce  of  the  ovary 
contains  nnmerons  bundles  of  connective  ti.'^sue  which 
connect  wdtli  the  alliuginea.  J^etween  them  lie  the  ovarian 
follicles,  so-called  (Jraafian  follicles,  in  various  .stages  ot 
dcvclopnu'nt,  the  yonnge.st  bi'ing  neare.st  to  the  tunica 
‘dbnginca.  d’he  number  of  fully  developed  follicles  is 
always  small. 
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The  process  of  development  of  ova  and  ovarian  follicles 

■ mav  be  recosToi/xHl  in  the  new-born  and  for  some  time 
after  birth,  yoine  cells  of  the  germinal  epithelium  of  the 

: surface  of  the  ovary  increase  in  size  by  growth  of  the  cell- 
: body,  until  they  attain  a relatively  large  size  and  spheric 
' form.  Such  cells  are  known  as  primordial  ova  or  primary 
‘ eggs.  Generally,  several  jirimordial  ova  are  inclo.sed  by 
I germinal  ('pithelial  cells,  forming  a plug-like  growth  of 
1 the  germinal  epithelium,  which  i)cnetrates  the  cortical  snb- 
' stance  and  constitutes  the  ef/rj-halls  or  egg-nests,  so-called 
^ Ptliiger’s  tubes.  PHiiger’s  tubes,  or  the  egg-ne.sts,  are  not 
1 hollow,  l)ut  solid  structures,  ^^dthin  the  egg-ne.sts  each 
[ primordial  egg  is  surrounded  by  a single  layer  of  Hat  to 
I cubic  cells,  the  fo/liridar  cc/k,  and  a primordial  oy  primary 
\ Jollide  is  thus  formed.  The  primordial  follicles  lie  in 
i large  numbers  close  under  the  albuginea  in  the  outer  layer 
of  the  cortex.  The  further  develo])ment  goes  on  from 
I these  to  the  mature  Graafian  follicles,  the  older  and  larger 
I follicles  being  pushed  deeper  into  the  cortical  substance, 
and  thus  nearer  to  the  limits  of  the  medullary  substance. 

The  growth  of  the  ovarian  follicle  ])rocceds  in  the  fol- 
lowing manner:  There  is  first  a proiiferalion  of  the  cpi- 
I thelial  of  the  follicle,  the  egg-cell  being  in  this  way 
f surrounded  by  several  layers  of  cells.  At  the  .same  time 
1 a connective-tissue  sheath  from  the  ovai’iau  stroma  is 
I formed  around  the  entire  follicle,  known  as  the  theca  fol- 
' Undi.  As  the  ovum  develo])s,  it  becoiiies  surrounded  by 
a structureless  or  radially  .striated  sheath,  the  zona  ])ellu- 
cida.  'fhe  zona  ])ellueida  very  prol)al)ly  aiu.ses  from  tin; 
ovum  itself  and  is  to  be  regarded  as  a cell  membrane.  In 
many  animals — whether  in  man  is  doubtfid — th(>  outer 
! portion  of  it  ap|)cars  to  be  formed  by  (he  adjacent  portions 
of  the  follicular  e])ithelium. 

In  the  further  growth  of  the  ovarian  follicle  and  with 

■ further  proliferation  of  tlu'  follicular  epithelium  there  is 
I an  excretion  at'  Jlnid  on  the  part  of  the  follicular  c|)ithe- 
1 limn,  the  idpior  follicidi.  This  forms  between  the  cells  in 


188 


THE  FEMALE  REPRODUCTIVE  ORGANS. 


Fip.  5G. — Graiifian  follicle  of  the  ovary  of  the  mouse  in  different 
stages  of  (Ievclo])ment.  X ~h0.  The  figure  shows  the  proliferation 
of  the  ciiithelium  and  the  formation  of  the  liquor  folliculi.  c,  Yolk 
nucleus  (centrosome) ; E,  ovum;  ef,  follicular  epithelium;  k,  nucleus 
of  ovum;  //,  liipior  folliculi;  thf,  thecji  folliculi. 

Fig.  57. — I’ortion  of  a cross-section  through  a fully  developed  cor- 
])us  lutcum  of  a mouse.  X il~5.  The  figure  .shows  the  relation  of  the 
liy])crtro])hicd  c])ithclial  cells  to  the  blood  capillaries  and  connective- 
tissue  celts,  c,  Cai)illaries;  cp,  epithelial  cells  of  the  corpus  luteum; 
kbd;!,  connective-tissue  nuclei. 

l-hg.  58. — .Small  portion  of  a cross-section  through  an  older  corpus  . 
luteum  of  a mou.se.  X 500.  The  epithelial  cells  contain  line  fat 
dro2)lets,  hlackcned  by  osmic  acid.  i 

' 4 

one  j)lacc  or  at  the  .same  tifiie  in  .several  ])laees  of  the  fol-  ; 
licular  e])itheliuin,  so  that  now  the  follicle  assumes  the 
form  of  a ve.sicle.  Jn  this  process  the  ovum  is  generally 
crowded  toward  one  wall  l>y  the  collection  of  fluid. 

The  follicidar  cpithelifitn  generally  consists  of  polygonal 
cells  ; only  the  outer  cells  horderiiig  on  the  theca  folliculi 
and  those  next  to  the  ovum,  cs])ecially  the  cells  lying  next  ' 
to  the  zona  pelhicida,  arc  columnar.  The  latter  constitute  i 
the  corona  ixidiata  ; the  ma.ss  of  epithelial  cells  surround-  ^ 
ing  the  ovum  ai’e  cfdled  the  discus  ji^'olif/crus.  On  the  ? 
rupture  of  the  follicle  these  are  evacuated  with  the  ovum.  ‘ 
The  theca  folliculi  of  larger  follicles  has  an  outer  fibrous 
and  an  inner  cellular  layer,  containing  fat  granules.  The 
ovary  of  many  animals  contains  a large-celled  interstitial 
tissue,  the  cells  of  which  resemble  those  of  the  inner  layer 
of  the  theca  folliculi  and  may  be  mistaken  for  them. 

While  the  ripening  follicles  ])ush  toward  the  inner 
portion  of  the  ovary  as  their  development  proceeds,  the 
i'ollicles  which  have  become  markedly  distended  by  the 
collection  of  (luid  again  ]>ass  toward  the  surface,  a ])art  of 
their  wall  touching  the  tunica  albuginea  and  the  snrlaceof 
the  ovary,  and  thus  occupy  the  entire  ihiekne.ss  of  the  cor- 
tical substance.  AVhen  the  attenuated  follicular  wall  rup- 
tures, there  is  a laceration  of  the  surface  of  the  ov’ary, 
whi(!h  later  heals  by  the  formation  of  .scar  tissue. 

After  the  ru[)turc  of  the  follicle  its  walls  collapse.  "I  he 
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I follicular  epitheliimi  which  remains  within  the  follicle 
i hypertrophies,  the  cells  attaining  many  times  their  original 
! size.  At  the  same  time  processes  of  connective  tissue  from 
the  theca  folliculi  containing  blood-vessels  penetrate  be- 
tween the  ej)ithelial  cells.  The  structure  which  thus  de- 
velops is  known  as  the  corpus  luteum,  because  its  cells  con- 
tain a yellowish  pigment  known  as  lutein  and  are  therefore 
designatetl  as  lutein  cells.  Later  the  structure  degenerates, 
the  epithelial  cells  (lutein  cells)  undergo  fatty  degeneration, 
and  the  connective-tissue  trabeculae  become  atrophied,  and 
thus  the  corpus  albicans  is  formed.  On  the  rupture  of  the 
follicle  hemorrhages  often  take  ]dace  on  account  of  the 
laceration  of  the  blood-vessels.  The  remains  of  such  hem- 
orrhages are  found  in  the  form  of  hematoidin  crystals. 
The  process  of  ru[>ture  of  the  follicle  and  formation  of  the 
earlier  stages  of  the  corpus  luteum  has  never  been  observed 
in  the  human  ovaiy. 

'fhe  fully  developed  follicular  omtm  is  a large,  almost 
perfectly  sphei’ic  cell,  which  in  the  human  ovary  has  a 
diameter  of  about  250  n.  Its  diameter,  however,  cannot 
be  ascertained  with  any  degree  of  certainty,  since  mature 
human  ova — that  is,  after  extrusion  from  a follicle — have 
never  been  observed. 

In  mammalia  its  protoplasm  contains,  in  vaiyiug,  but 
I usually  in  small  amount,  fat-like  constituents,  known  as 
I dmtoplasm;  this  is  found  especially  in  the  central  portion 
I of  the  ovum. 

The  nuchm  of  the  maturing  ovum  is  spheric  and  gen- 
I erally  contains  a large  nucleolus.  The  nucleus  of  the 
I ovum  has  long  l)orne  the  name  of  the  f/ermina/  vesicle,  and 
the  nucleolus  that  of  the /7c/’?ahir// .spoh  The  maturing  ova 
of  mammalia,  and  also  the  human  ova,  contain,  outside  of 
the  nucleus,  another  small  structure,  th(!  so-called  yolL- 
viK-lciis.  Jt  represents  essentially  the  rudimentary  centro- 
i some,  which  usually  degenerates  in  tlu^ovum  bd’ore  the  com- 
plete maturity  of  the  C(‘ll  is  reached.  In  the  maturation 
' of  the  ovum  a short  time  before  it  is  expelled  from  the 
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Plate  6o.— Ovary,  Oviduct. 

Fki.  1. — Transverse  Section  of  the  Uterine  End  of  the 
Human  Oviduct.  X 

'The  ijreparation  wa.s  kikni  from  a tweiity-onc-ycar-old  woman. 

TIu!  I’lHtire  gives  a general  view  of  the  stnietiire  of  the  oviduct  in 
close  |)ro.\imity  to  the  uterus. 

'reelmic:  ^liUler’s  liuid.  J lemato.xylin-eosin. 

Reference  letters:  A,  Artiuy;  L,  lumen;  m,  eiieular  layer  of  muscle; 

tunica  i»ro)»ria;  hn,  longitudinal  bundles  of  muscle;  T,  veins. 

I'm.  2. — Portion  of  a Transverse  Section  of  the  Ovary  of 
a New-born  Child.  X 

T'hc  i)reparation  was  taken  from  a still-horn  child. 

'The  ligure  shows  very  distinctly  primordial  ova  in  the  germinal 
c])ithelium,  J’lliiger’s  tubes,  and  groups  and  mas.ses  of  jjrimordial  fol- 
licles. 

'Teehnic:  Miiller’s  fluid.  ] lematoxyliu-eosin. 

Referenc(^  lettem:  c,  Ca])i Maries;  Ac,  germinal  epithelium;  dr, 
stroma;  J)>,  ]>rimary  follicles;  op,  primordial  ova. 


ovary,  tlio  nucleus  willidraws  to  the  suiTaco  of  the  eell  aiul 
lliere  ])a,s.scs  (liroug;h  all  the  plieiioiueua  of  mitosis  (see 
pafre  22).  A spindle  tifriire  is  formed  and  iinally  the  cell 
divides  in  such  a way  that  the  ('gg-protoplasm  is  divided 
V('ry  nnc(pially  into  a large  egg-cell  and  a small  eell,  the 
.so-called  first  yx;/av  body. 

Many  of  the  jirimorditd  follicles  formed  in  the  ovary  de- 
gc'iierate  j and  this  takes  ])lace  either  in  the  earlier  or  later 
stages  of  maturation  or  the  ripe  follicles  fail  to  rupture  and 
degenerate.  The  former  proce.ss  is  called  atrophy  ivud  the 
latter  atre.da  of  the  lollieles.  In  both  ca.scs,  with  certain 
variations,  the  ejtithelium  degenerate.s,  and  finally  the  egg- 
cell also.  The  latter  often  shoivs  pecidiar  degeneration 
])henomena,  which  may  be  eonfii.sed  with  an  a]iparent 
division.  The  zona  jiellueida  is  retained  the  longe.st. 

The  arteries  of  the  ovtiry  enter  from  the  hihis  of  the 
organ  and  form  dense  ea|)illary  ])lexuses  in  the  theca  ot  the 
follicle,  c.s])ecia  11 V around  the  egg-nests,  'fhe  veins  form  a 
])le,\iis-like  enlargement  in  the  medullary  substance,  d he 
lymph-vu'ssels  have  a similar  arrangement. 

'fhe  verves  of  fhe  ovary  ari.se  from  the  .sympathefie,  but 
their  manner  of  ending  has  not  been  fully  determined. 
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THE  OVIDUCT,  UTERUS,  AND  VAGINA. 

The  oviduct  lias  a mucous  meuibraue  which  is  sliglitly 
folded  in  the  uterine  portion,  whih*  in  the  ampullar  portion 
the  folds  are  very  high  and  branched.  These  arc  covered 
by  a simple  columnar  ciliated  epithelium.  The  mucous 
membrane  is  rich  in  lymph-cells,  and,  on  account  of  the 
want  of  a muscularis  mucosae,  it  is  poorly  differentiated 
from  the  submucosa.  There  are  no  glands  in  the  oviduct, 
but  in  the  ampulla  there  are  deep,  branched  crypts.  The 
musculature  of  the  oviduct  consists  of  a thick  inner  circular 
layer  of  non-striated  muscle  and  a thinner  external  longi- 
tudinal layer.  To  these  are  added  a serosa  and  a sub- 
serosa. 

The  wall  of  the  uterus  has  similar  layers.  We  dis- 
tinguish the  mucous  membrane,  or  endometrium,  which,  un- 
like that  of  the  oviduct,  contains  tubular  glands  (a  sub- 
mucosa is  wanting),  the  muscularis,  and  the  serosa,  which  is 
attached  directly  to  the  mu.scle  without  any  sub.serosa.  The 
epithelium  of  tin;  uterus  is  a simjile  (;iliatetl  columnar  epithe- 
lium. In  the  body  of  the  uterus  it  is  low  columnar,  as  in  the 
oviduct,  but  in  the  cervix  uteri  the  cells  arc  considerably 
higher.  The  mucous  membrane  of  the  entire  uterus  is 
rich  in  lym[)h-cells  and  re.sembles  a diffuse  adenoid  tissue 
(compare  ]>age  od).  Its  entire  thickness  is  filled  with 
simple  tid)ular  y/oa/As,  which  are  either  almost  uiibrauclu'd 
tid)ules,  much  convoluted  at  their  ()lind  ends,  or  they 
divide  at  acute  angles  and  may  anastomose  with  each  other. 
These  are  the  uterine  (/lands,  ddiey  are  lined  with  th(> 
same  kind  of  e|)ithclium  as  lines  the  surface  of  the  uterus, 
riie  musenJature  of  the  uterus  is  bounded  immediately  by 
the  mucf)us  memlirane  and  is  firmly  unifi'd  with  it.  It 
consists  practically  of  circular  muscle.  IIowev(>r,  the 
arrangement  of  its  elements  is  by  no  means  regular,  as 
very  numerous  obliipic  bundles  arc  found  beside  and  be- 
tween the  circular  bundles.  .Moreover,  the  large  blood- 
vessels lying  in  this  main  mu.scle  layer  of  the  uterus  dis- 
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Plate  6i.— uterus. 

Fig.  1.— Transverse  Section  of  the  Body  of  the  Human 
Uterus.  X ~- 

Tlie  li^urc  fiivra  a general  view  of  the  layers  of  the  uterine  Avail. 

Technic:  Aliiller’s  ihiid.  I lematoxylin-eosin. 

Reference  lettei's:  y,  Jllood-ves-sehs  of  the  l)road  ligament  and  of  the 
uterine  wall;  /,  liinien  of  the  uteru.s;  //,  broad  ligament;  hn,  longi- 
tudinal layer  of  muscle;  «i,  circular  layer  of  muscle;  s,  serosji;  tp, 
tunica  })ro])ria,  mucous  memlmine  with  the  glands. 

I'lG.  2.— Transverse  Section  of  the  Mucous  Membrane  of 
the  Uterus.  X h'>d. 

Tlic  ])rei)aration  wjus  taken  from  a twcnty-year-old  nullipara.  Fi.xed 
eighteen  hours  after  death. 

'Pile  ligure  shows  the  lymphoid  tissue  in  the  mucous  membrane, 
with  the  large,  convoluted,  branched,  and  anastomosing  glands.  The 
mu.sclc  layers  follow  directly  njion  the  mucous  membrane. 

Reference  lettei’s:  cp,  Eiiitbelium;  i;/,  uterine  glands;  ilf,  muscula- 
ture; X,  uterine  glands  cut  tangentially. 


turb  tlic  tirrangcment  to  a certain  extent.  Tlie  external 
longitudiniil  inn.scle  layer,  which  is  well  developed  in  most 
mammalia  and  even  in  the  ape,  is  in  the  human  nteriis  re- 
duced to  :i  thin  layer  miming  in  the  anterior  and  posterior 
surfaces  of  the  organ.  The  cervical  canal  is  lined  by  an 
epithelium  which  resembles  that  fotmd  in  the  body  of  the 
uteru.s,  although  the  cells  are  more  slender  and  much 
higher.  This  ciliated  epithelium  usually  extends  to  the 
external  o.s,  although  the  .stratified  vaginal  ejnthelium  may 
jienetrate  the  canal  for  a distance.  In  addition  to  the 
uterine  glands,  which  are  generally  ])rcsent  in  small  num- 
bers in  this  region,  there  are  also  found  the  cervical  glands, 
which  are  mucus-secreting  glands.  These  glands  often 
contain  mucus  jdugs,  forming  the  so-called  ovula  Nabothi. 
Here  there  are  many  individual  dilfercnces.  The  longi- 
tudinal layer  of  muscle  is  more  strongly  developed  than  in 
the  body  of  the  uterus. 

The  hlood-ve.HHch'^  of  the  uterus  enter  the  uterus  from 
both  sides  with  the  peritoneum  (ligamentum  la(um).  The 
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musculature.  ^ From  these  the  distribution  proceeds  to  the 
vessels  supplying  the  musculature  as  well  as  those  supply- 
ing the  mucous  membrane.  There  are  many  lymph-ves- 
sels in  the  uterus,  in  the  mucous  membrane,  as  well  as  in 
the  musculature.  As  in  the  intestine,  the  larger  vessels 
are  found  in  the  serosa. 

The  nerves  of  the  uterus  are  for  the  most  part  the  neu- 
raxes  of  sympathetic  neurones  sn})plying  the  muscle.  It 
seems  very  probable  that  there  are  cerebro-spinal  nerves, 
tlie  l)ranches  of  which  go  to  the  mucous  membrane  and  end 
between  the  epitlielial  cells. 

The  vagina  is  lined  by  stratified  pavement  epithelium. 
The  mucous  membrane  })resents  papillae,  contains  no  glands, 
but  sometimes  has  lymph-nodes.  submucosa  is  present, 
but  is  not  distinctly  differentiated.  The  museulature  con- 
sists of  smooth  muscle-fibers,  which  form  an  inner  circular 
and  an  outer  longitudinal  layer. 

The  external  female  genital  organs  are  in  strueture 
partly  like  the  vaginal  mucous  membrane  and  partly  like 
the  skin.  The  region  of  the  clitoris  and  the  labia  minora 
contain  many  .sebaceous  glands.  In  the  region  of  the 
urethral  oj)cning  mucous  glands  are  found  (glandulaB  vestib- 
ulares  minores).  The  glandula  ve.stibularis  major,  or 
gland  of  Hartholin,  is  (piite  .similar  in  structure  to  the 
glandula  bulbo-urethralis  of  the  male  (see  page  183). 


THE  SUPRARENALS. 

Although  the  medullary  substance  of  the  adrenal  ap- 
pears to  be  intimately  related  to  the  sympathetic  nervous 
system,  the  entire  organ,  according  to  more  recent  investi- 
gations, is  prol)ably  to  be  considered  histogenetically  in  the 
urogenital  a])paratus. 

* The  relation  of  the  blood-vessels  to  the  nterine  inuscnlatiire  ha.s 
ffiven  rise  to  an  entirely  uinvarrantc'd  elassifie<'ition  of  the  nlerine  inns- 
culature  into  a stratum  va.sciilare,  suprava.sculare,  and  infravasculare 
or  suhmucosuiu. 

13 
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Plate  62.— Suprarenals. 

Fia.  1.— Portion  of  a Transverse  Section  of  the  Human 
Suprarenal.  X f-'>- 

The  ])r(‘i)iiration  was  taken  from  a man  who  had  been  executed, 

T'he  li^fure  fjive.s  a genei'al  picture  of  the  larger  jiortiou  of  the 
adrenal. 

T'ecdmie:  Miiller’s  fluid.  Ifematoxylin-eosin. 

Iteference  letters  for  Figs.  1 aiul  c,  Cai)illarie.s  of  medullary  suh- 
stance;  rf,  e4i])sula  lil)ro.sa;  i/z,  ganglion-cells;  n,  non-medullated  nerve- 
libers;  ,se,  cortical  std)stanee;  sm,  medullary  sid)stance;  v,  veins  of 
medullary  suhsUinee;  zj\  zona  fiuscieulata  of  the  cortical  substance; 
2//,  zona  glomernlosii  of  the  eortiail  substance;  zr,  zona  reticularis  of 
the;  (!ortie.jil  sul)stanee. 

Fiu.  2. — Transverse  Section  through  the  Cortex  and  Me= 
dulla  of  a Suprarenal  of  Man.  X HO. 

Tlie  ])reparation  was  taken  from  a man  who  had  been  executed. 

'I’lie  figure  shows  the  subdivisions  of  tlie  cortical  substiince,  the 
cords  of  cell.s,  the  nerves  and  blood-vessels  of  the  medullary  sub- 
stance. 

Technic:  Zenker’s  .solution.  1 tematoxyliii-eosin. 


The  paroncliyma  of’  the  adrenal  con.si.sts  of  two  distinctly 
sepiiriited  portions,  the  eorticfil  and  tlie  medullary  sub- 
stance. Ill  general  the  cortical  substance  forms  the  main 
mass  of  the  organ,  the  medullary  substance  being  well 
developed  only  in  the  central  portions.  The  organ  is  sur- 
rounded by  a connective-tissue  capsule,  which  .sends  pro- 
ce.sses  into  the  interior. 

The  eorticxd  mhdance  consi.sts  of  radijilly  arranged  col- 
umns of  cells.  From  the  cajisule  towiird  the  medullary 
sub.stance  we  distinguish  three  zones : First,  the  zona, 
(//omeridom ; in  this  the  columns  of  cells  ajipear  as  if 
coiled  up.  Second,  the  zona  fascicidata  ; this  rejin'sents 
the  greater  ]}ortion  of  the  cortical  .substance  and  shows 
most  di.stinetly  the  radial  arrangement  of  the  columns  of 
cells.  Third,  the  zona  retieidarlfi,  in  which  the  columns 
of  cells  become  again  im'giilar  and  anasfomoso  in  reticular 
fiishion.  All  the  cells  of  the  cortical  substance  are  very 
similar,  of  eubic  or  neiirly  si)heric  sha|)C,  and  often  con- 
tain fat  gnmiiles;  those  of  the  deeper  layers  also  usually 
contain  pigment  granules. 
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The  mcduUdvii  substance  of  the  adrenals  is  not  sub- 
divided into  zones,  but  presents  throughout  the  same 
structure.  It  consists  of  peculiar  cells,  which  stain  darkly 
with  chrome  salts  (also  called  chromathn  cells)  and  form 
anastomosing  chains.  The  cells  are  irregular  polyhedral 
to  high  columnar  in  form.  The  chains  often  border  rela- 
tively large  vascular  lumina  or  lymph  clefts  in  such  a way 
that  each  generally  oval  cell  of  the  medullary  substance 
in  transverse  section  borders  the  vascular  lumen  with  its 
two  narrow  surfaces  and  the  adjoining  cells  of  the  chain 
with  its  two  broader  surfaces. 

The  connective-tissue  framework  of  the  adrenal  consists 
of  a reticular  connective  tissue,  the  tibers  of  which  lam 
parallel  to  the  trabecuke  of  cells  in  the  cortex.  The 
adrenal  is  at  the  same  time  very  rich  in  blood-vessels  and 
nerves  and  probably  has  intimate  relations  to  both  systems. 

The  blood-vessels  form  numerous  ca])illaries  in  the  cor- 
tex as  well  as  in  the  medulla  of  the  adrenal.  Those  of 
tlu!  cortex  run  in  general  parallel  to  the  columns  of  cells 
and  between  these,  at  least  in  the  zona  fasciculata  and 
rcticadaris,  and  in  the  outer  crortical  zone  form  small  veins. 
Besides  capillaries,  the  medullary  substance'  also  contains 
small  arteries  and  es])ccially  many  plexns-like  veins,  the 
walls  of  which  are  rich  in  clastic  tibers  and  often  contain 
thick  adventitial  bundles  of  smooth  musclc-tibcrs.  The 
vessels  of  the  mcilullary  sidjstancc,  especially  its  cai)il- 
larie's,  lie  in  the  spaces  between  tlm  trabecular  network 
of  mcdidlary  cc'lls.  The;  Ij/mpli-vessels  of  the  adrenal  are 
likewise  very  abundant,  espc'cially  in  the  medullary  sub- 
stance. 

Numerous  non-mcdullatcd  uervc-truid<s  of  the  sj/mpa- 
llietic  enter  the  adrenal.  In  their  course  within  the  adre- 
nal they  often  show  f/ati (/I Ion-cells  in  smalh'r  or  larger 
groups  and  occasionally  also  cinaimscribcd  small  r/r/./n/5V/. 
flic  cortical  substaiKH!  is  poorer  in  tibers  ami  ganglion- 
I cells  are  not  found  here.  The  mode  of  ending  of  the 
nerves  has  not  been  fully  determined. 
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PLATE  63.— Nasal  mucous  Membrane. 

Fig.  1.— Portion  of  a Transverse  Section  of  the  Olfactory 
Region  of  Man.  X I 

'The  iirepnnition  was  taken  from  a man  who  had  hecn  executed. 

Tlie  section  shows  in  ero.ss-section  a ])ortion  of  the  olfactory  mucous 
memhrane  from  the  superior  turhinated  houe. 

'rechnic:  Zenker’s  .solution.  1 lematoxylin-eosin. 

Reference  letters:  cp,  J'’]tithelium ; 7,  rod  (hair)  zone;  2,  zone  of 
long  nuclei;  S,  zone  of  round  nuclei;  <jl,  olfactory  glands;  ?i,  olfactory 
nerve;  ip,  tunica  iiro])ria  with  hlood-vessels. 

Fig.  2. — Portion  of  a Transverse  Section  of  the  Lower 
Half  of  the  Nasal  Wall,  Respiratory  Region.  X 2d. 

'The  jm‘])aration  was  taken  from  a man  who  had  heen  executed. 

'I'he  iigiire  shows  the  .structure  of  the  thick  mucous  memhrane  rich 
in  l)lood-ve.s.sel.s  and  glands  and  the  adjacent  portion  of  the  hone. 

'rechnic  as  in  Fig.  1 . 

Refenmce  letters:  <1c,  Excretory  duct  of  the  gland;  cp,  eijithclium; 
(//,  glands;  A',  hone;  ip,  tunica  projiria. 


Occasionally  acccs.sory  adrenals  occur,  nio.st  frequently  in 
the  broad  liojainentof  the  uterus  and  in  the  neighborhood  of 
the  epididymis.  Fn  this  connection  we  should  ineution  tM'o 
small  structures  of  the  human  body,  m' Inch  are  also  rich  in 
blood-vcss(‘ls  and  ncrvc.s — the  carotid  gland  [glonnm  car- 
nticum)  and  the  cocegg ml  gland  (jjlomus  coccygeum).  They 
consist  jiractically  of  cajiillary  convolutions  interspensed 
with  connective-tissue  cells  rich  in  ju’otojdasm.  .'\ccording 
to  recent  investigations,  both  types  of  glands  arc  said  to 
take  their  origin  from  the  vascular  system. 


IX.  THE  RESPIRATORY  ORGANS. 


THE  NASAL  CAVITY. 

The  mucous  membrane  of  the  nasal  cavity  is  divided  into 
three  ])ortions,  the  vestibular,  resjiiratory,  and  olfactory  re- 
gions. 'fhe  vcMihular  region  jirescnts  the  structure  ol  the 
skin,  Muth  all  its  characteristics. 

'file  re.gdivdory  region,  the  main  jiortion  ot  the  nasal 
mucous  membrane,  consists  of  a tyjiical  stratilied  ciliated 
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columnar  epitlielium,  which  often  contains  goblct-cclls,  and 
of  a thick  nincosa.  The  latter  is  connected  to  the  periosteum 
of  the  bone  and  the  perichondrium  of  the  cartilage  without 
the  intervention  of  any  submucosa.  The  mucous  membrane 
contains  numerous  simple  branched  (iibular  glands  of  mixed 
character,  containing  both  serous  and  mucous  cells  (see  page 
37).  It  is  rich  in  blood-vessels,  especially  veins.  The 
accessory  cavities  of  the  nose  present  a relatively  thin  mu- 
cous membrane,  with  few  glands  and  a ciliated  epithelium 
in  a single  layer. 

The  mucous  membrane  of  the  olfactory  region  has  a char- 
acteristic epithelium,  which  is  thicker  than  that  of  the  res- 
])iratory  region.  Its  upper  layer  esi)ecially  consists  of  very 
high  columnar  cells,  showing  no  nuclei  in  the  upper  half. 
The  deej)er  layers  are  formed  by  splieric  cells.  Between 
the  high  columnar  epithelial  cells  are  found  the  olfactory  cells 
(see  page  238).  The  surface  of  the  columnar  cells  shows  a 
l)order  resembling  a striated  cuticular  formation  (cilia?). 
Tlie  tunica  propria  of  the  olliietory  region  is  not  so  thick  as 
in  the  res])iratory  region  andcontains  a special  kind  of  glands, 
simple  tubular  serous  glands,  which  ai’c  l)ut  little  branched 
and  are  known  as  olfactory  or  J>(jwman’s  glands. 

The  blood-vessels,  especially  the  veins,  are  somewhat 
less  abundant  than  in  the  r(;si)iratory  region.  Numerous 
bundles  of  non-m(,-duIlated  olfactory  nerves  are  found  in 
the  mucosa  under  the  olfactory  e])ithclium. 


LARYNX,  TRACHEA,  AND  BRONCHI. 

NV  ith  the  exception  of  the  region  of  the  vocal  cords,  the 
free  margin  of  the  epiglottis,  and  a |iortion  of  tlu'  arytenoid 
cartilages,  which  arecovered  l)ystratilie<l  jiarcincut  cjiithdium, 
the  mucous  membrane  of  tlu;  laryn.v  has  stratified  (;iliate<l 
epithelium  like  that  of  the  respiratory  n'gion  of  the  nasal 
cavity  and  the  iijiper  |)ortion  of  the  pharynx.  The  tunica 
propria  is  unusually  rich  in  elastic  fibers,  which  form  dense 
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PLATE  64— TRACHEA. 

Transverse  Section  of  the  Trachea  of  an  Eight=year=oId 
Boy.  X (>T 

'Phe  figure  givc.s  a general  ])icture  of  the  strueture  of  the  trachea 
and  of  the  lamination  of  it.s  walls. 

Technic:  Miilh'r’s  Iluid.  I feinatoxylin-eosin. 

Reference  leltei-s:  vp,  Epithelium  ; ///,  glands;  A'h,  cartilage;  m, 
inuscularis;  nm,  snhinucosa;  /p,  tunica  propria. 


networks  jii.st  under  tlie  epithelium,  forming  the  memhrana 
clasfiea.  In  otlier  re.spcets  the  mncou.s  membrane  of  the 
larynx  has  the  same  strnetnre  as  that  of  the  trachea.  The 
mr//7or/c.s  of  the  larynx  are  ptuTly  hyaline  (thyroid,  cricoid), 
jtartly  ehislic  (c|)iglottis),and  jtartly  mixed  (arytenoid  cartil- 
agc,s). 

The  trachea  has  it  relatively  thick  mucous  membrane, 
which  is  rich  iu  ehistic  libtM’s.  The  c])ithelium  is  .stratified 
ciliated  columuiir.  Under  the  mucous  membrane  lies  a 
.Hnhmuco.sa , which  contains  branched  tubular  gland.'i  mixed 
chiiracter,  containing  both  mucous  and  serous  cells.  The 
outer  wall  iu  the  anterior  three-fourths  is  1‘ormed  ofhor.se- 
shoe-shaped  hoops  of  hyaline  cartilage;  in  the  po.stcrior  one- 
fourth,  by  uou-striated  mu.scle.  The  glands  a be.st  devel- 
o])cd  in  tlie  ])osterior  wall  and  lie  between  or  outside  of  the 
mu.scle  layei'. 

The  large  bronchi  have  the  same  .structure  as  the  tra- 
chea, except  that  they  contain  ])lates  instead  ol  hoo])s  ot 
cartilage. 


THE  BRONCHIAL  BRANCHES  AND  THE  LUNGS. 

ddic  large  branches  of  the  bronchi  have  the  .same  struc- 
ture as  the  trachea  and  the  bronchi.  The  structure  remains 
es.sentially  the  same  in  the  further  brauchiugs,  with  these 
cxc(‘j)tions : T1k“  cartilage's  ol"  the  leronclii  ol  nu'dium 
size  resemble  elastic  cartilage'  ami  no  louge'r  fetrm  liall- 
riiigs,  but  irre'gularly  elistribute'el  jilaica.  Cartilage'  plates 
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are  found  in  the  bronchi  until  their  caliber  is  1 mni.  The 

!non-striated  muscle  of  the  bronchi  of  medium  size  forms 
a continuous  layer  of  circularly  arranged  fibers  ; this 
layer  becomes  thinner  as  the  caliber  of  the  bronchi  dimin- 
ishes, but  can  still  be  followed  beyond  the  limits  of  the 
cartilage  ; it  lies  icith'ui  the  cartilage  j)lates.  Besides  this, 
a chancre  takes  ])lace  in  the  e])itheliuni  of  the  bronchial 
branches,  so  that  the  stratified  ciliated  epithelium  is  gradu- 
ally reduced  to  a single  layer  (see  Plate  G6,  Fig.  1). 

The  bronchi  which  have  no  cartilage,  under  1 mm.  in 
caliber,  are  known  as  bronchioles.  They  still  have  a layer 
of  muscle  and  a single  layer  of  cubic  epithelium. 

The  bronchioles  lead  into  the  resjyiratory  bronchioles  and 
the.se  in  turn  into  the  terminal  bronchioles  or  alveolar  ducts, 
the  .smallest  terminal  ])ortions  of  the  bronehial  tree,  which 
serve  partly  for  respiration.  The  terminal  bronchioles  are 
characterized  by  the  fact  that  their  c])ithelium  consists  of 
two  kinds  ofccfils:  of  small,  round,  nucleated  cells,  between 
which  large,  flat,  non-micleated  cells  are  found.  The  lat- 
ter gradually  a[)pear  in  the  sha])e  of  i.slands  at  the  point  of 
transition  from  the  bronchus  into  the  respiratory  portions 
of  the  lung.  Each  terminal  bronchus  o])cns  into  three  to 
six  nearly  s[)heric  spaces  known  as  atria.  Each  atrium 
opens  into  a number  of  irregular  spaces  known  as  air-sacs. 
The  air-.'^acs  communictate  with  smaller  spaces,  the  air-cells 
Or  alveoli.  Xiitnerous  alveoli  arc  found  on  the  wall  of  the 
terminal  bronchus.  Tt  contains  a layer  of  non-, striated 
muscle.  This  layer  of  muscle  does  not  extend  beyond 
the  limits  of  the  terminal  bronchioles.  The  afi’ia,  uir-.sacs, 
and  alveoli  arc  lined  by  flat,  non-micleated  ccll.s,  among 
which  groups  of  small,  round,  nucleated  cells  arc  found. 
The  (dveolar  wall  is  very  thin,  and,  aside  from  tlu‘  epithe- 
lium, is  formed  by  capillaries  and  a very  small  amount  of 
connective  ti.ssuc  and  elastic!  fibers.  The  walls  of  neiu'h- 
boring  alveoli,  especially  their  elastic  tissue,  fuse  to  form 
alveolar  septa.  Ify  means  of  fine  o|)eningsor  pores  in  these 
I septa,  neighboring  alveoli  communicate  with  each  other. 
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Fig.  59. — Transverse  section  of  a bronchiole  of  the  human  lung, 
from  the  .Siuiie  i)reparation  iis  Fig.  1,  Plate  (id.  X 280.  The  figure 
])re.sents  the  transvei-se  section  of  a small  hronchial  branch  having 
simple  ciliated  ei)itlielium  and  no  cartilaginous  framework;  in  the 
mucous  membrane  many  elastic  libers  are  seen. 

Fig.  (iO.  — Portion  of  a thick  cross-.section  of  a human  lung  treated 
with  silver  nitrate  solution.  X 100.  The  preparation  was  taken  from 
a man  who  had  l)cen  executed. 

In  the  ])re])aration  the  eell  boundaries  of  the  epithelium  are  stained 
blaek  by  the  silver.  The  figure  shows  a respiratory  bronchiole  in  its 
branciiing  from  a smaller  bronchial  branch.  Tlie  lower  wall  of  the 
bronchiole  is  .seen,  still  lined  by  eubic  cifithelium.  This  is  then  grad- 
ually broken  up  by  islands  of  flattened  cells.  In  the  alveoli  we  see  the 
typical  relation  of  the  e])ithelium.  A,  Alveoli;  far,  re.spiratory  bron- 
chiole; cubic  epithelium  ; ep,,  flattened  epithelial  eells  ; p,  carbon 
])igment. 


The  (amiKHitive  tissue  wliicli  is  present  in  very  small 
amount  as  inter.'<lilial  tissue  ])enetrates  the  lung  along  the 
larger  hronchial  branches.  Under  the  serous  covering  of’ 
the  lungs  (pleura  jadmoualis)  it  forms  a thin  layer  and  also 
separates  tlie  several  lobules  of  the  lung — the  lobuli  pul- 
monales — from  each  other.  It  often  contains  carbon  pig- 
ment which  has  been  inspired  with  the  air. 

The  hlood-i-em'ls  of  the  lung  arise  from  the  pulmonary 
artery  and  the  bronchial  arteries.  The  latter  supply  the 
walls  of  the  bronchi,  sending  only  relatively  few  branches 
to  the  alveoli.  The  branches  of  the  pulmonary  artery 
follow  the  cour.se  of  the  bronchi.  They  bi’anch  with  these 
and  in  the  alveolar  wall  form  a deu.se  plexus  of  capil- 
laries, which  are  especially  large,  so  that  the  greatest  ])art 
of  the  surface  of  the  alveolar  wall  and  of  its  c])i(hclium  is 
bounded  by  capillaries.  The  large,  flat,  non-nucleated 
cells  generally  cover  the  capillaries;  the  small  round  cells 
lie  in  the  sjiaces  between  the  ca])illaries.  From  the  cajiil- 
laries  ari.se  the  radicles  of  the  ])ubnonary  veins. 

There  are  large  numbers  of  lj/mj)h-r<’ssrLs  in  the  lungs. 
They  foriti  two  sets  of  vc.ssels.  The  one  is  found  in  flic 
intei’lobular  connective  1 issue  and  communicates  with  (he 
lymphatics  of  the  |)lciira,  where  a rich  ph'xus  is  found, 
'fhe  dee[)cr  .set  accomj)auies  the  ])uhnonary  artery;  its 
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vessels  pass  directly  to  the  bronchial  glands.  Lymph- 
ylands  avQ  found  at  the  hihis  of  the  lung  and  nodules  of 
adenoid  tissue  alon^  the  huger  bronchi  and  even  on  the 
surface  of  the  lung. 

The  nerves  of  the  lung  arise  from  the  vagus  and  from 
the  sympathetic.  Their  mode  of  ending  is  not  fully  de- 
termined. However,  the  final  endings  lie  in  the  alveolar 
walls,  in  the  epitlK'lium  of  the  bronclii,  and  in  the  muscle 
of  the  bronchi.  Sympathetic  ganglia  are  found  iii  the 
, coiu’se  of  the  nerves. 

THE  THYROID  GLAND. 

The  thyroid  gland  may  be  considered  here,  although  it 
has  only  topograpliic  relations  with  the  respii'atory  system. 
Originally  it  possesses  an  excretory  duct  system  and  is  in 
relation  with  the  montli  by  means  of  the  ductus  thyreo- 
^lossus.  Later  the  duct  is  obliterated  and  the  gland  then 
consists  of  the  closed  secreting  compartments  or  alveoli. 
The  terminal  coni])artmcnts  of  the  thyroid  gland  are  short 
branched  tidndea  or  alveoli.  Tliey  are  lined  by  a single 
layer  of  columnar  to  cnl)ic  e])ithelium.  The  secretion  of  the 
tubules  or  alveoli,  (tailed  colloid,  often  tills  their  lumen  com- 
pletely and  distends  the  walls  to  such  an  extent  that  the 
e[)ithelial  cells  lining  them  are  flattened.  The  empty 
tubules  or  alveoli  therefore  generally  present  the  highest 
epithelium.  There  is  much  evidence  to  show  that  the  se- 
cretion is  taken  up  by  the  numerous  lymph-vessels  of  the 
gland.  The  thyroid  c(»ntains  numerous  blood-vessels,  which 
form  dense  capillary  networks  around  the  tubules  or  alveoli, 
likewise  many  lymph-vessels.  Sympathetie  nerve-libers 
terminate  on  the  alveoli  or  tubules. 

X.  THE  SKIN. 

The  si  <in  is  composed  genetically  of  two  main  constitu- 
ents : an  epUhAud  tissue,  tin*  (pidenids,  and  a co)inective 
tissue,  the  cutis.  Each  of  these  consists  of  subdivisions. 
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PLATE  65.— Lungs. 

Portion  of  a Transverse  Section  of  a Human  Lung,  the 
Blood-vessels  of  Which  Have  Been  Injected  with  Blue  Gela- 
tin. X KtO. 

l'"roni  material  of  tlie  Wiirz))nrg  Anatomic.nl  In.stitntc. 

'J'lie  ligurc  shows  the  cross-section  of  many  alveoli,  and  in  some 
l)ortions  llie  surface  of  the  alveolar  wall  is  met.  The  latter  is  not 
stained. 

Reference  letters;  n,  Branch  of  ])nlmonary  artery;  A,  alveoli;  ca, 
capillaries  of  alveolar  wall  seen  from  the  surface ; ha,  alveolar  septa, 
with  the  eapillarie.s  sectioned  vertically;  ii,  interlobular  interstitial 
connective  ti.ssne;  v,  venous  branch,  the  vena  pulmonalis. 


'I'lio  i.s  dividinl  into  fottr  l!tycr.s  named  from 

witliotit  inward:  (1)  (lie  Htratnin  cornemn;  (2)  the  stratum 
Ineidnm;  (.'])  the  stratum  jrrantilosnm;  (-4)  the  .stratum 
frerminiitivtnn. 

'file  slrahi.m  conirtuii  consists  of  fiat,  liorny,  non-nneleated 
c(‘lls,  which  in  mtitiy  pltices  of  the  skin,  f(>r  instanee  in 
th<‘  ])ahn  of  the  hand,  sole  of  the  lijot,  are  in  many  layers. 


PLATE  66.— LUNG,  THYROID  GLAND. 

Fici.  ]. — Transverse  Section  of  a Small  Bronchial  Branch 
of  the  Human  Lung,  x iir). 

The  ))ic))aration  was  taken  from  a man  who  h.ad  been  e.vecuted. 
Prepared  by  Professor  Brans,  of  Heidelberg. 

The  (igure  shows  ii  small  bionchus  together  with  the  surrounding 
lung  tissue.  The  elastic  libers  are  stained  dark  violet.  The  muscula- 
ture of  the  bronchial  wall  is  so  covered  by  the  elastic  libers  that  it  is 
not  visible  under  low  inagnilication. 

Technic;  Zenker’s  solution.  We igert’s  elastic  tissue  stiiin.  Alum- 
carmin. 

Reference  letters:  A,  Alveoli;  h//,  blood-ve.s.sels;  duet  of  bron- 
chial gland;  cp,  ei)ithelium;  gl,  mucous  glands ; n,  transver.se  section 
of  a nerve;  fp,  tunica  ])ropria  with  elastic  libers;  v,  wall  of  a large 
vein  of  the  lung;  A'»,  ciirtilage. 

Fun  — Portion  of  a Cross-section  of  the  Thyroid  Gland. 
X :«). 

The  i)re])aration  wiis  taken  from  a man  who  had  been  e.veculed. 

The  figure  shows  the  gland  tubules  of  the  thyroid  gland,  lilled  lo 
different  degrees  with  the  colloid  substance. 

'reclmi(^;  Muller’s  fluid.  I lenuiloxy lin-('osin. 

Reference  lellers:  hifg,  Inlerstilial  connective  tissue;  lig,  hlood- 
ves.sels;  C,  colloid  substance;  /.s,  gliind  alveoli. 
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The  stratum  lucidum  can  be  differentiated  distinctly  only 
when  there  is  a strongly  developed  stratum  corneiim.  It 
consists  of  two,  or  at  most  three  layers  of  flat,  clear  cells, 
which  are  not  yet  completely  cornificd.  It  is  not  sharply 
separated  from  the  stratum  corneum.  The  stratum  granu- 
losum  also  consists  of  two  or  three  layers.  It  is  especially 
well  developed  in  places  in  which  the  horny  layer  is  well 
developed.  Its  cells  are  flattened  polygonal  and  contain 
distinct,  deei)ly  staining  granules  known  as  keratohyalin 
or  eleidin  granules  ^ of  irregular  form  and  of  different 
size,  which  are  to  be  regarded  as  the  ]n'eliminary  stages 
of  the  hornv  substance,  the  keratin.  T\\q  stratum germlna- 
tirum  consists  of  many  layers  of  cells,  which  are  indented 
bv  the  papilljeof  the  entis,  which  lies  below  it.  The  cells 
of  the  lowest  layer,  which  lies,  ne.xt  to  the  papilla,  are 
columnar,  while  the  cells  of  the  other  layers  are  rounded 
polygonal,  except  the  u])per  ones  which  border  upon  the 
stratum  grauulosum  and,  like  the  cells  of  this  layer,  are 
flattened.  The  epithelial  cells  of  the  stratum  germina- 
tivum  arc  conuectecl  by  very  distinct  UdcrccUular  bridges 
(see  page  32),  and  on  this  account  it  is  called  the  stratum 
sjdnoHum  or  drntcdurii.  The  sti’atum  gcu'iuinativum  fur- 
nishes the  cells  for  the  regeneration  of  the  ext(‘rual  layers 
of  the  stratum  (ioiaieum,  which  are  coiitiuually  being 
pushed  off.  The  lowest  layer  of  the  stratum  germina- 
tivum,  th(!  layer  of  cyliudri(r  c(‘lls,  shows  constant  mi- 

tOS(!S. 

The  connective-tissue  ])ortiou  of  the  skin,  the  cutis,  is 
divided  into  two  main  layers,  which  an;  closely  couiu'cted 
and  which  pass  over  into  each  other  without  any  distinct 
line  of  demarcation.  The  corium  borders  on  the  epider- 
mis and  (!(»usists  of  formed,  fil)rous  eoimective  tissue,  and 
the  teta  subi-ufavra  is  characterized  by  the  ))r(‘seiice  of 
adi|K)se  tissue. 

* Keratoliyalin  an<l  t-lcidin  an*  used  as  synonyuious  terms  l)y  many 
autltors,  wliile  tiy  otliers  the  term  eleidin  is  given  to  tlie  unformed 
liorny  material  of  tlie  stratum  liieidum. 
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PLATE  67.  —SKIN. 

Fio.  1.— Transverse  Section  of  the  Skin  of  the  Vola  Manus 
of  Man,  X 1!). 

Tlie  prcjjiiration  was  taken  from  a man  who  had  been  executed. 

The  lifrnre  shows  a ficneral  picture  of  the  structure  and  lamination 
of  the  skin. 

T'echnic:  Zenker’s  solution,  llcmato.xylin-eosin. 

Kefemice  letters:  a,  Artery;  C,  corium;  Vater-l’acinian  corpuscle; 
rp,  epidermis;  y/.si/,  sudoriferous  jrlands;  If,  mu.scle-lihers  of  thepalmaris 
brevis;  pa,  i)annicnlus  adiposns;  sic,  stratum  corneum ; .s/y,  stratum 
germinativum;  Is,  tela snhcutanea. 

Fid.  2. — Portion  of  a Transverse  Section  of  the  Injected 
Skin  of  the  Vola  Manus.  X IT). 

The  figure  shows  the  princi]>al  relations  of  the  blood-vessels  of  the 
skin. 

Technic:  Injection  with  Herlin  bluegelatin.  Miillcr’s  fluid.  Borax- 
carmin. 

Reference  letters:  (7,  Corium;  f/ls,  sudoriferous  glands;  p,  papilhc; 
sire,  stratum  corneum  of  the  eiiidermis;  sir(j,  stratum  germinativum 
of  the  ciiidermis;  Is,  tela  subcutanea. 


PLATE  68.— SKIN,  HAIR. 

Fig.  1. — Portion  of  the  Transverse  Section  of  the  Skin  of 
the  Vola  Manus  of  Man.  x 170. 

The  ])rej)ai’ation  was  taken  from  a man  who  had  been  executed. 

The  ligure  shows  the  structure  of  the  different  layers  of  the  epi- 
dermis and  of  the  u])per  ])ortion  (stratum  papillare)  of  the  corium. 

Technic:  Zeidcer’s  .solution.  Ifematoxylin-eosin. 

Reference  letters:  It;/,  Blood-ves.sels  of  corium;  C,  corium;  ds,  ex- 
cretory duct  of  a sweat-gland;  cp,  epidermis;  n,  nerve,  entering  a 
tactile  corpuscle;  sic,  stratum  corneum  of  the  ejiidermis;  st;/,  stratum 
germinativum;  slyr,  stratum  granulosum;  sll,  stratum  lucidum;  Ik, 
tactile  corpuscle. 

Fig.  2. — Single  Cells  of  the  Stratum  Germinativum  of  the 
Preparation  in  Fig.  I.  X 700. 

T’he  figure  shows  the  intercellular  bridges. 

Fio.  T — Lower  Portion  of  a Longitudinal  Section  of  the 
Root  of  the  Hair  from  the  Human  Scalp.  X 100. 

The  ])re])aration  was  taken  from  a man  who  had  been  executed. 

The  figure,  shows  the  relation  of  the  different  layers  of  the  hair  and 
its  I’oot-sheaths  in  (he  region  of  the  bulb  of  tlie  hair. 

Technic:  Zenker’s  solution.  I femaloxylin-eosin. 

Reference  letters:  nir,  External  root-sheafh ; r,  cuticle  of  hair; /p, 
slieafh  of  hair;  ;/l,  glassy  membrane;  he,  inner  root-sheath;  hair 
pai)illa;  sc,  coit.ical  substance  of  hair;  sep,  hair-shaft;  sm,  medulla 
of  hair. 
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The  corhim  is  again  divided  into  the  fitratimi  papillare, 
which  bears  the  ]):ipilhc,  and  the  deeper  fifratum  rcticulare. 
These  two  layers  also  liave  no  sharp  line  of  demarcation 
between  them.  The  corinm  is  composed  essentially  of 
dense  connective  tissue,  the  bundles  of  which  cross  and  in- 
terlace in  all  directions.  The  stratum  reticnlare,  in  which 
the  bundles  are  large  and  compactly  interlaced,  is  poor  in 
cells,  but  rich  in  elastic  fibers.  The  cells  of  the  corinm 
are  found  between  the  bundles  of  connective  tissue  and 
are  conseciuently  of  fiattened  shape  and  have  elongated 
nuclei.  The  cutis  also  contains  non-striated  muscle,  espe- 
cially in  the  neighborhood  of  the  hair,  but  occasionally 
also  independently  of  the  hair,  as  in  the  tunica  dartos  of 
the  scrotum  and  in  the  region  of  the  nip])le. 

The  suljcutaneous  layer  consists  of  strands  of  formed 
connective  tissue  surrounding  fat-lobules. 


THE  EPIDERMAL  STRUCTURES  OF  THE  SKIN, 

Special  structures  originating  from  the  epidernus  are 
contained  in  the  tiiree  main  layers  of  the  skin.  These 
are  hairs,  nails,  and  glands. 

The  Hair. 

The  are  long,  thread-like,  horny  structures,  which 
project  beyond  the  surface  of  the  skin.  They  are  em- 
bedded in  an  epithelial  sheath  of  ('pidermal  origin,  which 
is  surrounded  by  a connective-tissue  sheath  from  the 
corium.  'ftie  portion  of  tlie  hair  within  tlie  skin  is  known 
as  the  roof  ol‘ the  liair;  the  free  ])r()jeeting  ])orlion,  as  the 
hair-.'</iaff.  The  hair-root  ends  in  the  hair-bulb.  The 
latter  is  invaginated  by  a vascular  coiiHccth'c-limir  p<t])Hla 
and  lies,  esj)eeially  in  the  larger  hairs,  in  the  sul)cutancous 
layer,  while  the  liair-root  lies  ]>artly  in  tliis  and  partly  in 
the  eoriutn.  Tlie  epidermal  sheath  of  the  hair-root  is 
designated  as  the  root-sheath  ; the  connective-tissue  sheath, 
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PLATE  69.— Hair. 

Transverse  Section  of  the  Human  Scalp.  X 15. 

T'lie  ])r(‘|iaration  wa.s  taken  from  a man  who  liad  been  executed. 
'I'lie  iifjnre  is  composed  of  ])arts  of  three  sections.  It  shows  a row 
of  liairs  in  longitudinal  section,  with  sebaceous  glands  and  Mm.  ar- 
rectores,  cluh-haii’s  in  dilTerent  stages  of  degeneration,  young  bail's, 
and  new  formation  of  hair. 

'rechnic:  Miillcr’s  Iluid.  1 lematoxylin-eosin. 
lic-ferencc  letters:  .Ip,  Musculus  arrector  pili;  c,  corium;  vp,  epi- 
dermis; /p,  hair  follicle;  ffcyi,  a])oneurosis;  p/.s,  sudoriferous  gland; 
(jluc,  sebaceous  glands;  7T//,  club-hairs;  pp,  jiajiilla  of  hair;  Rc,  reti- 
nacula cutis;  Rp,  root  of  hair;  Sp,  shaft  of  hair;  in,  subcutaneous 
layer;  x>  formation  of  hair. 


as  the  hair-s/ica(h.  Hie  slruetnre  of  the  hair  and  its 
.sheaths  can  be  liest  reeognized  in  tlic  larger  liairs  of  the 
body, 

d'ho  hair-.nhaff.  consists  of  two  main  sub.stance.s,  the 
cortical  cells  and  the  nu'didlary  cells.  The  latter  may  be 
lacking.  In  the  lower  jiortion  of  the  hair-root  the  enti- 
ciila  is  added  to  thc.se.  The  cnrtica/  cells  form  the  main 
mass  of  the  hair.  They  are  long,  sjiindlc-shaped  cells, 
.somewhat  longer  in  the  ii])])cr  than  in  the  lower  part  of 
the  shaft  of  the  hair-root,  and  contain  a ditfn.se  and  gran- 
ular pigment,  which  gives  the  color  to  the  hair.  They 
jio.sse.ss  elongated  nuclei,  which  are  often  indi.stinct  in  the 
free  jiart  of  tlie  hair-shaft,  and  somewhat  shorter — that  is, 
more  oval  in  the  lower  part  of  the  hair-root. 

The  medulla  of  the  hair,  which  is  not  always  present, 
forms  the  central  jioi’tion  of  the  hair-.shaft,  and  is  com- 
jiosed  of  (juite  large,  polygonal,  nnjiigmented,  nucleated 
cells,  arranged  in  two  or  three  rows. 

Tlie  cutlcula  of  the  hair  is  comjiosed  of  flattened  cell.-' 
arranged  like  tiles.  Thc.se  cells  are  nucleated  in  the 
lower  part  of  the  root,  then  lo.se  their  nuclei,  and  finally 
disappear  in  the  upper  part  of  the  root. 

'fhe  roof-shcalh  of  the  hair  consists  of  two  ]iarts,  the  .so- 
called  inner  and  outer  root-sheaths.  The  hair  itself 
corresponds  to  the  stratum  cornenm  of  the  epidermis  ; the 
inner  root-sheath  .shows  the  structure  of  the  stratum  luci- 
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duni  ami  granulosum  ; tlie  outer,  that  of  tlie  stratum  ger- 
miuativum.  The  inner  root-sheath  consists  of  two  to 
three  distinct  layers  : of  tlie  sheath  cuticle,  bordering  upou 
the  hair  cuticle,  distinct  ouly  in  the  lower  part  of  the  root ; 
of  the  inner  Pluxley’s  and  the  outer  Heiile’s  layers.  The 
sheath  cuticle  presents  essentially  the  same  structure  as  the 
hair  cuticle.  Huxley’s  lai/er  comists  of  cubic  to  low  cylin- 
dric  cells  in  a single  layer;  these  in  the  lower  portion  of 
the  hair-root  contain  numerous  keratohyalin  granules. 
Ifenle’s  sheath  is  composed  of  flattened  cells,  wliich  are 
nearly  always  non-nucleated.  Only  in  the  lowest  portion 
of  the  hair-root  do  the  cells  of  Ilenle’s  layers  contain 
eleidin  granules.  In  the  upper  portion  of  the  hair-root 
the  inner  root-sheath  is  cornitied.  The  outer  root-sheath 
shows  the  structure  of  the  stratum  germinativmu  of  the 
epidermis.  It  consists  of  a varying  number  of  layers  of 
cells,  fewer  in  the  lower  than  in  the  upper  portion  of  the 
hair-root,  the  outer  of  which  have  a columnar  form,  the 
middle  polygonal,  and  the  inner — that  is,  toward  the  inner 
root-sheath — a flattened  form.  Where  the  hair  ]>asses 
through  the  e})idcrmis,  the  outer  root-shcath  joins  with  the 
.stratum  germinativnm  of  the  epidermis  without  any  sharp 
line  of  demarcation.  Like  the  cells  of  the  stratum  germi- 
nativum,  the  cells  of  the  outer  i-oot-sheath  show  mitoses. 

The  conncctivc-ti.ssue  portion  of  the  hair,  the  hair-sheath, 
con.si.sts  of  a relatively  thiek,  structureless,  and  non- 
nucleated  mend)rane,  the  so-called  f/htssy  meinhrtmc ; ex- 
ternal to  this  are  two  layers  of  connective-tissue  fiber.s,  an 
inner  circular  and  an  outer  lonr/itu(linal.  Iloth,  circular  as 
well  as  longitudinal,  layers  are  free  from  ela.‘^tic  fd)crs.  At 
the  base  of  the  hair-bidl),  at  the  neck  of  the  j)apilhi  of  the 
hair,  the  elements  of  the  root-shcath  which  here  border  on 
the  papilla  do  not  present  the  lamination  found  in  the  other 
portions  of  the  hair  follicle,  as  here  the  cells  of  all  the  layers 
of  the  root-sheaths  become  nucleated  and  form  a common 
inditrorent  nia.ss  of  cells  bordering  upon  the  low(‘r  portion 
of  the  papilla.  This  mass  of  polygonal  cells  continues  to 
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PLATE  70.— HAIR. 

Fio.  1. — Transverse  Section  through  the  Middle  Portion 
of  a Hair-root  of  the  Human  Scalp,  x 1‘JO. 

T'lio  i)rc])iiriil  ion  \vas  taken  from  a man  who  wa.s  ('xecuted. 

T'lio  iionre  .sIiowh  the  hair,  root-.sheaths,  and  hair-hnlh.  The  sec- 
tion of  the  hair  shows  the  medulla,  which  is  stained  red,  and  the  eor- 
tiwd  cells. 

T'eehnie  : Miiller’s  llnid.  I lematoxylin-eosin. 

Kefereiiee  lettei's  for  Pi^s.  1 and  2 : me.  External  root-sheaths;  hg, 
hlood-vessels;  e,  entiele.  of  hair  and  of  root-.sheath;  _r//,  ftlassy  mein- 
hrane;  lihl,  longitudinal  libers  of  hair-.sheath;  /da',  circnlar  libers  of 
hair-sheiilh ; /le,  inner  root-sheath;  ./,  Huxley’s  layer  of  the  inner 
root-sheath;  2,  I leide’s  layer  of  the  iTiner  root-sheath. 

Fin.  2. — Transverse  Section  of  the  Lower  Part  of  a Hair- 
root  from  the  Human  Scalp.  X ddd. 

T'he  ligure  shows  relatively  thin  external  root-sheaths;  the  Hux- 
ley’s layer  of  the  inner  root-sheath  contains  numerous  eleidin  gran- 
ules. Ifetween  it  and  the  hair  we  S(^e  the  cells  of  the  cuticuhe.  The 
hair  itself  has  only  cortical  cells. 

Technic  and  lettm  ing  the  .same  as  in  Fig.  1. 


tlic  ii])|)(‘r  |)jirt  of  the  |)ii|)ill:i  where  the  Imir-shaft  ap- 
])roaehes  the  upper  end  of  tlie  papilla.  Toward  the  siir- 
fac-e  of  the  papilla  the  cells  assume  a cohuiiiiar  .shape. 
At  the  upper  end  of  the  jiajiilla  the  iiidifTerent  cells  of  the 
hair-hiilh  are  mingled  witli  intensely  pigmented,  peculiarly 
hranehed  cells.  Mitotieally  dividing  cells  are  uniformly 
found  in  the  cells  of  the  hair-bulb  and  also  in  the  outer 
layers  of  the  outer  root-sheath.  The  shedding  of  hair  is  a 
continuous  process  iu  man  tmd  does  not  occur  jieriodically 
as  in  the  majority  of  mammals.  In  hairs  to  be  shed  the 
])igmented  jiortion  of  the  hair-bulb  comities.  Such  hairs 
no  longer  have  the  power  of  growth  and  are  gradually 
|)ush('d  Aut  of  the  root-sheath.  Such  degenerating  hairs 
are  known  as  rJiih-hnirs.  They  are  met  with  in  normal 
.scalps  in  all  stages  of  degeneration.  In  this  jiroeess 
of  degeneration  the  hair  jiapilla  remains  and  on  the  old 
pa])illa  a lu'w  hair  is  formed  from  the  cells  of  the  outer 
root-sheath  and  from  those  of  the  inditferent  matrix  at 
the  base  of  the  root,  ddie  hair  may  also  be  re])laced  in 
th('  adult  in  the  .same  way  as  the  hair  is  formed  in  embry- 
onic life — that  is,  l>y  the  ingrowth  of  a jiroeess  irom  the 
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epidermis ; from  this  the  different  parts  of  the  liair  are 
differentiated,  in  a similar  manner  as  in  the  embryo ; that 
is,  from  the  axis  of  the  hair  anlage  is  developed  the  hair- 
shaft,  and  from  the  peripheral  cells  the  root-sheaths.  The 
sebaceous  glands  develop  as  epithelial  buds  from  the  ecto- 
dermal portion  of  the  hair  follicle,  the  hair-sheath  from 
the  surrounding  connective  tissue. 

In  the  corium  nou-.striated  muscle-fil)ers  are  constantly 
found  in  connection  with  the  larger  hairs  of  the  scalp  ; 
these  are  called  arrectores  pilorum;  they  arise  from  the 
uppermost  layei’s  of  the  cutis,  close  under  the  papilla, 
often  by  several  roots,  pass  obliquely  toward  the  hair- 
shaft,  into  which  they  are  inserted.  At  the  point  of  in- 
sertion there  is  a protuberance  of  the  latter  and  with  it 
of  the  outer  root-sheath.  The  arrector  muscle  usually 
forms  an  acute  angle  with  the  hair ; the  sebaceous  gland 
lies  in  this  angle,  so  that  the  muscle  also  acts  as  an  ex- 
pressor  sebi. 

The  Nails. 

The  nails  are  horny  epidermal  plates,  the  cells  of  which, 
though  still  nucleated,  are  no  longer  capable  of  division. 
The  nail  lies  on  the  so-called  nail-bed,  from  which  it  is 
sharply  .separated  ; the  latter  consists  of  the  deeper  layers 
of  the  epidermis.  The  j)roximal  j)ortion  of  the  nail  e.x- 
tends  into  i\\Gnail-Jarr()w  i\w\  it  is  surrounded  l)y  the /ai/7- 
vmlL  Nail-wall  and  furrow  are  ]>arts  of  the  skin.  The 
horny  layer  of  the  nail-wall,  wliieh  overlaps  the  nail,  is 
known  as  the;  eponychiiim.  (See  Plate  72.) 

Tlie  mid-bed  is  the  matrix  for  the  growth  of  the  nail, 
the  anterior  part  for  the  growtli  in  tliickness  of  the  nail, 
the  ])osterior  caring  for  tlie  growth  in  length.  The  nail- 
bed  Ls  fornu?d  from  tlie  stratum  germinal ivnm  of  the  e])i- 
dermis  ; a stratum  graimlosum  is  lacking  liere  and  thus 
also  the  keratoliyalin  or  eleidin  grannies,  such  as  are  found 
in  the  eornifieation  of  the  skin  and  Iiair.  The  corinm  has 
no  pa])ilhc  under  the  stratum  germinativum  of  the  nail. 
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PLATE  71— Hair,  Sudoriferous  Glands. 

Pig.  1.— Portion  of  a Tangential  Section  of  the  Human 
Scalp.  X ~0. 

Tlie  iiri'paration  wius  kikcn  from  a man  who  had  been  executed. 

The  ligure  show.s  tlie  grou])ing  of  the  hairs,  together  with  the 
nui.sele  and  glands  belonging  to  them.  Tlie  section  goes  through  the 
ujiper  iiortion  of  the  hair-root. 

Teehnic:  Miiller’s  Iluid.  I [ematoxylin-eosin. 

Keferenee  letters:  Aj>,  Arrectores  jiilorum;  _/)>,  hair-sheath;  glse, 
sebaceous  gland;  sudoriferous  gland;  X,  empty  hair-sheath. 

Fig.  2. — Transverse  Section  of  the  Coil  oif  a Sweat-gland 
of  the  Axillary  Space.  X no. 

The  preparation  wa.s  taken  from  a man  who  had  been  executed. 

T'he  ligiire  gives  a picture  of  the  large  sudoriferous  glands  of  the 
axilla,  lined  with  high  e])ithelium. 

Teehnic:  Zenker’s  solution,  llematoxylln-cosin. 

Reference  letU-rs  for  L'igs.  2 -I:  lyi,  Eiiithclial  cells;  i,  lumen; 
wi,  smooth  mu.scle;  mp,  membrana  propria;  «,  nuclei  of  smooth 
imi.scle-libei's;  <V,  drojis  of  secretion;  x,  tubules  cut  tangentially. 

Fig.  :L — Transverse  Section  of  a Tubule  of  a Sweat-gland 
of  the  Axilla,  Lined  with  Very  High  Epithelium.  X 100. 

The  liguri'  shows  a jiortion  of  the  canal  with  very  distinct  mem- 
brana iirojiria.  Between  this  and  the  epithelium  we  find  smooth 
mu.sele-libei’s. 

Fig.  1. — A Portion  of  a Tubule  of  a Sweat-gland  of  the 
Axilla  Cut  Tangentially.  X B>0. 

We  see  the  sube))ithelial  smooth  inu.scle-filx'rs  from  the  surface. 

Fig.  .'j. — Sudoriferous  Glands  of  the  Human  Scalp  (from  a 
Thick  Section).  X 'l-'l- 

Technic:  Miiller’s  fluid.  Hematoxylin-eosin. 

Reference  letters:  cn,  Glandcoil;  (h.  excretory  duct;  7M,  place  of 
opening. 


excejit  a few  under  tlie  ]>ostcrior  nail-furrow,  but  many 
high  longUudinal  ridges  rich  in  capillaric.s. 

The  Glands  of  the  Skin. 

The  glands  of  the  s/:in  are  divided  into  two  elasse.s — 
.sebaceous  glands,  or  hair  .sheath  gland.s,  and  sweat-glands, 
or  .siidoriferou.s  gland.s.  The  sebaceous  glands  oeenr  in 
eonneetion  with  (he  larger  and  smaller  hairs;  they  always 
lie  in  the  ii|)|)er  layer  of  the  eorium.  In  certain  ri'gions 
of  the  body  they  are  found  independent  of  hairs,  as  lor 
instance  in  the  labia  minora.  They  represent  glands  liav- 
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ing  few  alveoli,  the  wule  cxei'etory  ducts  of  which  open 
beside  the  hairs  or  around  the  smaller  hairs. 

The  gland  alveoli  have  no  real  lumen,  but  are  (piite  filled 
with  the  gland-cells.  At  the  iicriphei’y  of  the  alveolus 
the  latter  are  cubic  and  small,  but  they  become  larger  and 
larger  toward  the  interior  of  the  alveolus  by  the  forma- 
tion of  drops  of  secretion  in  the  })rotoplasm.  With  the 
increase  in  the  quantity  of  the  secretion,  the  sebum,  the 
nucleus  of  the  cell  shrinks  and  degenerates.  The  elements 
lying  in  the  center  of  the  alveolus  consist  of  a collection 
of  drops  of  .secretion  arising  from  the  cells,  without  nuclei. 
The  excretory  duct  of  the  .sebaceous  gland  is  lined  by 
stratified  pavement  epithelium  like  the  epidermis  and 
pa.sses  immediately  into  this  at  the  point  of  exit. 

The  mdoriferom  glaneh  of  the  skin  are  long  tubular 
glands  much  coiled  at  the  blind  end.  The  coil,  at  least 
of  the  larger  glands,  lies  in  the  tela  subentanea,  the  cxcre- 
t(try  duct  breaking  through  the  corium  and  all  the  layers 
of  the  epidermis.  The  coil  of  the  larger  sweat-glands, 
es)X!cially  the  a.villary  glands,  shows  a high,  often  columnar 
epithelium,  followed  by  a layer  of  .smooth  muscle-fibers 
and  then  a thick  memhrana  ])ropria.  The  coils  of  the 
larger  sweat-glands  have  a large  lumen.  The  median  and 
smaller  sweat-glands  have  coils  of  cs.scntially  the  same 
structure,  e.xecpt  that  they  have  a narrower  lumen,  lower 
epithelium,  and  often  a less  di.stinct  layer  of  smooth 
mu.scle.  The  excretory  diuk  of  the  sweat-gland  is  lined 
with  cubic  ej)ithelinm  and  ])a.s.s<‘s  through  the  (lorinm 
nearly  .straight  ora  little  winding.  The  cells  of  the  duct 
fuse  with  tho.se  of  the  .stratum  germinativnm  of  the  c])i- 
dermis.  In  the  ei)idermis  the  duet  of  the  sweat-glands 
.shows  marked  windings,  which  have  a corkscrew  arrange- 
ment in  the  stratum  cornciim  and  tliere  have  no  walls  of 
their  own.  They  open  into  the  porns  sndoriferus. 

The  blood-ve.ssels  of  the  skin  lies  in  the  dermis  ; the 
larger  branches  in  the  tela  subentanea,  tlie  smaller  branches 
iu  the  corium.  They  are  characterized  by  rich  anasto- 
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PLATE  72— Sebaceous  Glands,  Nail. 

Fio.  1. — Portion  of  a Cross-section  through  a Sebaceous 
QIand  of  the  Human  Ala  Nasi,  x 2H0. 

J he  ]>r(“i)iiniti()ii  wa.s  taken  from  a man  wlio  had  been  executed. 

Tlie  figure  .shows  tlie  cells  of  the  sebaceous  gland  in  the  different 
stiiges  of  secretion. 

'I'eclmie:  Miiller's  fluid.  Heinatoxylin-eosin. 

Kcfcrence  letters;  /•,  lincliaiigcd  cell  Tuiclei;  much  shrunken 
nuclei;  J{z,  border  cells;  Sz,  cells  filled  with  secretion. 

Kid.  2.— Transverse  Section  of  the  Nail  of  a Two-year-old 
Child.  X 20. 

'The  figure  shows  about  two-thirds  of  the  entire  cross-section  and 
gives  a general  iiicture  of  the  relation  of  nail-plate,  of  nail-furrow, 
and  of  nail-wall. 

l’re])aral.ion  from  the  collection  of  the  Institute  of  Comparative 
Anatomy  of  Wiirzhurg. 

Ueference  letters  for  Figs.  2 and  .T:  hr/,  ]ffood-ve.s,sels  of  nail-hed; 
c,  eorium  of  nail-hed  with  the  nail-furrows;  epo,  eponychium;  t/ltfii, 
siidoiifcTOUs  glands;  N,  nail-))late;  stratum  germinativuin  of 

nail-hed;  AT,  nail-furrow;  AV,  nail-wall;  i)a|)illie. 

Fid.  .'5. — Posterior  Portion  of  a Longitudinal  Section  of  the 
Nail  of  a New-born  Child.  X 2r>. 

T'he  figure  .shows  the  jiapilhc  of  the  nail  matrix. 

Technic;  Miiller’s  fluid.  1 lematoxylin-cosin. 


moses  ; thick  ca])illtiiy  networks  .surronntl  tlic  fat-lobules 
of  the  tela  sulKaitanea  and  the  coils  of  the  sweat-glands  ; 
moreover,  capillary  networks  lie  in  the  papilla)  of  the 
eorium,  where  they  apjiroach  close  to  the  ejtidermis  and 
into  the  hair  itajiilhe.  The  outer  layer,  the  longitudinal 
layer  of  fibers  of  the  hair-sheath,  contains  cajiillaries.  The 
veins  form  superficial  networks  in  the  dec])er  portions  of 
the  eorium.  The  lymph-vessels  of  the  skin  arc  found 
abundantly  in  the  region  of  the  papilla)  and  in  the  tela 
.subcutanca. 

The  nerves  of  the  .skin  are  almost  exclusively  .sensory. 
]\Iotor  nerve.s,  the  ncuraxes  of  sym])athctic  neurone.s,  jiass 
to  the  arrcclon's  ])ilorum,  as  well  as  to  the  non-striated 
fuuscle  of  fhe  blood-vcs.sels.  The  .sensory  nerve.s  pene- 
trate into  the  stratum  g('rininativum  of  the  epidermis, 
terminating  either  as  free'  sensory  endings  or  in  telodeu- 
dria  with  tactile  discs.  Other  sensory  nerv(>.s  terminate  in 
the  Mci.ssfier’s  corpuscles  found  in  certain  papilhe  of  the 
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coriuni,  or  in  the  Pacinian  corpuscles  situated  in  the  snb- 
cntaneons  layer. 

The  Mammary  Gland. 

The  mammary  gland  is  a lai’2;e  skin-gland  of  alveolar 
character,  or  rather  it  is  a collection  of  about  fifteen 
smaller  glands,  which  represent  modified  sweat-glands. 
Connective  tissue  surrounds  the  collection  of  glands  and 
makes  them  appear  like  one  gland.  Each  single  gland 
corresponds  to  the  lobe  of  the  entire  mammary  gland  and 
represents  a compound  alveolar  gland.  The  excretory  duct 
of  the  mammary  gland  presents  an  enlargement,  the  sinus 
ladiferus,  a short  distance  before  it  opens  on  the  nipple. 
The  secreting  alveoli  are  lined  by  cubic  to  columnar  epi- 
thelium, which,  however,  varies  according  to  the  stage  of 
secretion  ; after  evacuation  of  the  secretion  it  is  almost 
Hat.  The  secretion  of  the  cells  of  the  mammary  gland 
can  be  easily  recognized,  because,  in  addition  to  a fluid, 
albuminous  (casein)  secretion,  a solid  substance  (fiat-drops) 
is  secreted.  The  fat-drops  develop  as  small  droplets  in 
the  side  of  the  cell  turned  toward  the  lumen,  increase  in 
size,  and  finally  are  sejaarated  from  it  by  a thin  bord(‘r  of 
protoplasm.  This  is  finally  bi’okcn  through  and  the  fat- 
drops  reach  the  lumen.  The  eni])ty  cell  then  appears  low, 
often  with  flattened  nucleus,  as  the  fat-drop,  as  long  as  it 
remains  in  the  proto])lasm  of  the  cell,  ])resses  the  nucleus 
toward  the  wall.  After  the  evacuation  of  the  fat-drop 
the  cell  again  increases  in  height  and  may  again  secrete 
milk  (fat-drops).  The  alveoli  of  the  mammaiy  gland 
an*  cpiite  large  and  have  a n'latively  large  lunu'ii. 

The  excretory  duct  is  lined  by  cnl)ic,  and  in  places  bv 
a flattened  epithelium.  The  blood-vessels  form  networks 
around  tlu;  gland  alveoli.  Ijym])h-vessels  are  abundant. 
1 heir  contents  flow  toward  the  glands  of  the  axilla. 

The  mammary  gland  has  a rich  nerve-supply,  consist- 
ing mainly  of  the  neuraxes  of  syinpatlu'tic,  neurones, 
■"'111011  end  in  terminal  branches  on  the  secretory  cells. 
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PLATE  73— Mammary  Glands. 

Fio.  1. — Transverse  Section  of  a Lobule  of  the  Human 
Mammary  (ilaiid  at  the  Time  of  Lactation,  x r)0. 

The  iiiiiterial  of  this  i)repiiration  was  seciirwl  by  operation. 

Tlie  lijitirc  shows  a part  of  a lobule  of  the  mammary  gland  with  a 
larg(‘r  excretory  duct.  Connective-tissue  trabecuhe  se])arate  the  sev- 
eral lobules. 

Technic : Sublimate,  I lematoxylin-eosin. 

Kcfereuce  letters:  tls,  Excretory  duct;  xl,  sinus  lactiferus;  ti,  inter- 
stitial, interlobular  (connective  tissue;  tx,  secreting  alveoli. 

Ei(i.  2. — A l^ortion  of  the  Above  Section;  Two  Mammary 
(iland  Alveoli  More  Highly  Magnified.  X 4:2(). 

T'he  figure  .shows  two  secreting  alveoli.  The  glandular  epithelium 
is  jiartly  cylindric  without  drojis  of  secretion;  the  droi)S  of  secretion 
api>ear  clear,  becau.se  they  consist  of  fat,  which  w'as  removed  hy 
treatment  of  the  la’cparation;  for  the  most  j)art  the  cells  contain 
larger  or  smalhu'  fat-dro|)s,  but  ])artly  (at  x)  the  .secretion  has  been 
evacuated  and  the  cell  is  flat. 

Em.  :l — Transverse  Section  through  Three  Alveoli  of  the 
Mammary  (iland  of  a Nursing  Mouse.  X "1130. 

The  figure  shows  es.seutijdly  the  same  as  I''’ig.  2,  only  the  drops  of 
secretion  (faf.)  ai(c  blackened  by  osmic  acid  and  are  still  visible  after 
the  (ivacuation  of  the  .secretion  into  the  lumen  of  the  ciinal. 

Technic  : Eleiuming’s  solution.  Hafranin. 

Reference  letters:  A,  Lumen;  .s,  drops  of  secretion  before  evacna- 
tion;  .s,,  drops  of  secretion  after  evacuation. 


XI.  THE  SPECIAL  SENSE  ORGANS. 

THE  ORGAN  OF  VISION. 

Under  tlie  orc/an  of  vinlnn  wc  need  to  (consider  tlie  eye- 
ball, bnlbns  oeuli,  and  its  anxiliary  a|)|)ai’atns,  inelndino- 
the  eyelids  and  eonjnnctiva,  the  lachrynial  apparatus,  and 
the  motor  a|)paratn.s  of  the  eye — that  is,  muscles,  tendons, 
and  faseitc.  The  ey(d)all  rei)resents  a (piite  n'gularly 
formed  hollow  s])her(',  the  eontenfs  of  which  are  for  the 
most  ])art  fluid  or  ncai'ly  fluid.  At  the  anterior  ]iart  of 
flic  sphere  i.s  a scfrment  of  anoflu'r  sphere  of  smaller 
radius. 

ddie  wall  of  flic  (>y(“l)all  is  fornu'd  by  three  fnnics,  the 
.sclera  or  fmiic’a  externa,  (he  choi’oid  or  tunica  media,  also 
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known  as  the  nvea,  and  tlie  retina  or  tunica  interna.  The 
anterior  segment  is  bounded  by  only  one  tunic,  the  tunica 
externa  or  cornea. 

The  iris,  wlucli  may  be  regarded  as  a septum  contain- 
ing an  opening  in  its  center  and  re])resenting  the  forward 
continuation  of  the  choroid  or  middle  tunic  of  the  eye, 
divides  the  cavity  of  the  eyeball  into  a larger  posterior 
chamber  and  a smaller  anterior  chamber.  The  opening 
of  the  iris,  known  as  the  pupil,  incloses  a biconvex  body, 
the  lens,  whicli  is  situated  in  the  anterior  portion  of  the 
posterior  chaml»er  of  the  eye.  The  space  behind  the  lens 
is  for  the  most  part  filed  by  the  vitreous  body,  tlie  super- 
ficial layer  of  which  thickens  in  the  anterior  part  to  form 
the  zonula  ciliaris. 

The  .«pace  between  the  iris  and  cornea  is  known  as  the 
anterior  chamber  of  the  eye.  The  optic  nerve  enters  tlie 
j)osteri(U’  surface  of  the  bulb,  nearer  to  the  nasal  than  to 
the  teni])oral  side. 

The  Sclera  or  Tunica  Externa. 

The  anterior  transparent  portion  of  the  external  tunic, 
the  cornea,  consists  mainly  of  formed  connective  tissue, 
the  l)iindles  of  which  are  arranged  very  regularly  in 
lamellte.  Tlie  epithelium  of  the  cornea  is  on  the  surface 
of  this  connective  tissue.  In  descriptions  of  tlie  cornea 
we  usually  distinguish  five  lay<‘rs,  which  are  as  follows, 
named  from  tlu!  anterior  jiortion  jiostcriorly;  (1)  The  c])i- 
thelium;  (2)  the  anterior  elastic  membrane  or  Ikiwmaii’s 
membrane;  (d)  the  sub.stautia  |»ropi'ia  of  the  cornea;  (d) 
the  posterior  basal  elastic  membrane  or  DesceiiK't’s  mem- 
brane; (5)  the  endothelium  of  the  anterior  chamber.  The 
ej)ithelium  of  the  cornea  jiasses  over  at  the  edge  of  the 
cornea  into  the  epithelium  of  the  conjunctiva.  Like  this 
it  is  a stratified  pavement  epithelium,  but  has  no  jiajiillfc 
and  only  a few  layers  of  tlii^  flattened  cells.  The  anterior 
and  y>o.s<m’r)r  eladic  memhranen  are  nou-uueleat(‘d,  especially 
ditferentiated  lamelhe  of  the  substantia  [iropria.  The 
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PLATE  74— The  Eye. 

Horizontal  Section  through  the  Human  Eyeball,  x 4. 

Tlic  i)ri‘i)ju'iition  was  tiikcn  from  a man  who  hiul  been  executed. 

Tlic  figure  gives  a general  picture  of  the  entire  bulb,  with  the 
place  of  entrance  of  the  optic  nerve,  and  the  fovea  centralis,  in  which 
regions  the  figure  is  slightly  diagrammatic. 

Technic  : Chromic  acid  solution,  2 per  cent.  Hematoxylin-eosin. 

Ibderence  letters  : C,  Cornea;  co,  conjunctiva;  coti,  anterior  cham- 
ber of  the  eye,  camei’a  oculi  anterior;  cop,  posterior  chamber  of  the 
eye,  camera  oculi  posterior;  fc,  fovea  centralis  retime;  I,  iris;  imr,  in- 
sertion of  the  r(;ctus  muscle;  L,  lens;  wic,  ciliary  muscle  in  the  ciliary 
body;  no,  o])tic  nerve;  on,  ora  serrata;  p,  papilla  of  oj)tic  nerve;  Sc, 
sclera;  Zc,  zonula  ciliaris. 


subd(i)i(ia  propria  of  the  cornea  consisl.s  entirely  of  con- 
nective tis.suc  atul  Ita.s  very  distinct  and  very  regularly  ar- 
ranged ])arallel  lanicllio,  between  which  the  corneal  cor- 
jni.sdrs  :ire  j>liiced.  The  lainelhe  tlicfnselves  consist  of 
finnly  ccfnetitcd  himdles. 

ddic  corneal  cells  arc  large,  well-developed  contiective- 
tissue  cells  with  hunellar  j)rocesses.  The  cell-bodies  are 
flattened  frotn  before  backward;  the  lamellar  processes 
j)ass  between  the  lamellse  and  bundles  of  connective  tissue, 
bratich  atul  afia.stomose  with  the  proce.sses  of  neighboring 
cells  (see  Plate  4,  Fig.  4).  The  corneal  endothelium  cofi- 
si.sts  of  very  rcgtilar,  flat  polygonal  cofinective-tissue  cells, 
which  do  not  sitnply  cover  the  posterior  surface  of  the 
cornea,  but  line  the  efitire  anterior  chamber. 

The  larger  posterior  ])ortion  of  the  external  tunic  of 
the  eye,  the  .sc/mf,  shows  e.ssentially  the  .same  structui’e  as 
the  substatitia  propria  of  the  cornea,  but  there  is  a mani- 
fold ifitertwifiifig  of  the  coufiective-ti.ssue  bmidles.  On 
a(!cf)iuit  of  this  tlie  sclera  is  ojiacpic  fuid  white.  It  also 
contains  fitie  elastic  fibers  whieli  etiter  itito  the  strands  of 
cofmective  tissue,  especially  iff  the  ])osterior  portiofi  of  the 
scb'fa.  The  cells  of  the  sclera  are  less  n'gularly  arrangc'd 
atid  fewer  iff  nufuberthan  tho.se  of  tbe  cornea.  44ie  stratum 
proprium  of  the  coriK'ft  clumgf's  abruptly  into  tlie  .sclera  at 
lli(‘  se.lcro-eortieal  jutu'tioti.  'The  sclera  |)ro]fer  eofttains  feir 
hlood-vcHHcisj  while  the  corttf'a  cofitains  none.  It  is  the 
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only  structure  consisting  of  fibrous  tissue  which  contains 
no  blood-vessels.  In  the  region  of  the  transition  of  the 
cornea  into  the  sclera  and  near  the  anterior  chamber,  a 
circular  vein  is  found  running  parallel  to  the  edge  of  the 
cornea,  the  venom  shim  of  the  sclera  or  the  canal  of 
Schlemm. 

Lymph-vessels  are  also  lacking  in  the  external  tunic  of 
the  eye,  as  also  in  the  entire  bulbus.  On  the  other  hand, 
very  distinct  pericellular  lymph-spaces  are  found  especially 
in  the  cornea,  which  are  connected  with  each  other  by 
sjiaces  corresponding  to  the  processes  of  the  cells. 

The  sclera  contains  few  nerve.s.  These  are  sensory  and 
terminate  in  endings  resembling  tendon  eorpuscles.  The 
cornea  is  very  rich  in  nerves.  These  are  also  sensory,  the 
branches  of  which  form  plexuses  in  the  substantia  propria; 
one  situated  near  the  anterior  elastic  membrane  is  especially 
dense  and  is  known  as  the  subepithelial  plexus.  The  tei- 
minal  branches  of  this  jdexus  penetrate  the  corneal  epi- 
thelium, between  the  cells  of  which  they  terminate  (see 
Fig.  38). 

The  Tunica  Media  Bulbi  (Uvea). 

Between  the  sclera  and  the  tunica  media  or  choroid  of 
the  eye,  loose  ])igmented  connective  tissue  is  found,  known 
as  the  lamina  suprachorioidea  or  lamina  fusca.  It  contains 
the  larger  nerves  and  blood-vessels  for  the  choroid. 

The  middle  tunic  of  the  eye,  uvea,  is  unusually  vascu- 
lar and  contains  in  general  all  the  essential  blood-vessels 
of  the  eye.  In  it  are  recognized  three  fuiictionallv  and 
structurally  distinct  regions — the  choroid  proper,  the 
ciliarif  bodi/,  and  the  iris. 

The  choroid  consists  of  the  following  layers,  enumerated 
from  without  inward:  (1)  The  lamina  vascidosa  or  lamina 
propria,  the  principal  layer  which  contains  tlu'  larger 
vessels,  both  arteries  and  veins,  between  which  there  is 
found  a fibrous  connective  tissue,  containing  pigment 
cells;  the  inner  [)ortion  of  this  layer,  for  a thickness  of 
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PLATE  75— THE  EYE. 

Fig.  1.— Portion  of  a Transverse  Section  of  the  Human 
Cornea.  X 

'riic  i)ri'i)aration  was  takoii  from  a man  who  had  hetm  executed. 

'I'hc  li^iure  shows  the  lamination  of  the  cornea. 

1'echni(!:  Chromic  acid  .solution,  2 percent.  I lematoxylin-eosin. 

iiieferencc  letters:  ea,  I'hidothelinm ; cp,  epithelium;  h'(t,  anterior 
elastic  or  llowman’s  membrane;  Icp,  posterior  elastic  or  Descemet’s 
memhrane;  .sy;,  stralnm  pro|>rinm. 

I'lG.  2: — Portion  of  a Transverse  Section  of  the  Three 
Coats  of  the  Eye  of  Man.  X 

'I'hc  |)r<‘i)aration  was  taUen  from  a man  who  had  been  executed. 

Th(!  Ii|;nre  frives  a general  i)icturc  of  the  structure  of  the  three 
tunics  of  the  eye. 

'reclmic;  Zenkei'’s  solution.  I lemato.xylin-eosin. 

Kel'erence  letters:  C//,  Choroid;  (7/c,  chorio-capillaris;  ES,  episcle- 
ral ti.ssiie;  retina;  Sk,  sclera. 


ilhottt  lO  //,  coiisi.st.s  intiitily  of  clttstio  tissue,  is  free  from 
pijrtneiit,  iiiid  is  known  its  tlie  hoittidtiry  zone;  (2)  a tliin 
layer,  free  I’roni  pioiiient  titid  (!onsistin;r  inttinly  of  large 
ea|»illarv  vessels,  wliieli  serve,  for  (lie  initrition  of  the  ottter 
layers  ol‘  the  retina;  this  is  known  its  the  chorio-mpillari/ 
/at/cr  or  mcmhmnc ; (8)  a very  thin,  hotnogeneons  mem- 
hfitne,  ilhottt  2 //  in  thiekness,  the  membrane  of  Jlntch. 

In  th(‘  anterior  half  of  the  htilh  the  ttiniea  media  fortns 
two  sjieeiiil  stnicttm's,  the  ciliary  body  and  the  iris.  The 
former  consists  of  two  piirts ; the  ciliary  muscle,  which  lies 
close  to  the  adjaetmt  sclera  and  is  the  muscle  of  accommo- 
(lafion,  and  the  processus  ciUarcs,  seventy  to  eighty  meri- 
dioiiiilly  itrranged,  fold-like  eleviition.s,  which  projeet 
toward  the  vitreotis  body.  Iti  the  jiosterior  jtortion  they 
are  low  and  heeome  gradtially  higher  anteriorly  toward 
the  edge  of  the  lens.  They  are  very  rich  iti  blood-vessels 
atid  serve  for  the  regttlation  of  ititrii-oettliir  pre.ssnre.  The 
ciliary  muscle  e.onsi.sts  of  a mass  of  non-s(ri:i(ed  muscle 
formed  of  outer  nu'ridioiiid  and  inner  radiiiting  and  eir- 
enliir  bundles,  passing  over  into  ciieh  other  without  itny 
sharp  line  of  (hanarciition.  d'he  ni('ridional  fibers  are  (he 
longest  (tensor  cliorioideo')',  t hey  origimitt'  from  the  imu'r 
surface  of  the  sclera  in  the  region  of  the  canal  ot 
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Sclilemin  and  extend  backward  over  the  origin  of  the 
ciliary  processes. 

The  iri.s  is  a tliin  membrane,  in  the  center  of  which  tliere 
is  found  a circnlar  ojiening,  tlie  pupil.  It  begins  at  the  an- 
terior edge  of  the  ciliary  body  and  extends  to  the  edge  of 
the  pupil,  where  it  ends,  generally  slightly  thickened. 
We  distinguish  in  the  iris  four  layers;  (1)  The  ('iidothelinm 
of  the  anterior  chamber,  which  covers  the  surface  of  the  iris 
bordering  on  the  anterior  chamber  ; (2)  the  stratum  [)ro- 
priiim  iridis;  (3)  the  po.sterior  elai^tic  limiting  membrane 
or  the  membrane  of  Brnch  ; (4)  the  pigment  layer  of  the 
iris;  the  latter,  however,  is  the  continuation  of  the  tunica 
interna. 

The  endolhclinm  on  the  anterior  surface  of  the  iris  is 
similar  to  that  on  the  po.sterior  surface  of  the  cornea.  The 
.'<(rahiiii  proprinm  of  the  iris  is  divided  into  two  parts 
which  pass  over  into  each  other  without  any  .sharp  line  of 
demarcation — the  anterior  reticular  membrane  composed  of 
more  den.sely  woven  connective  ti.ssnc  and  the  posterior 
ra.scu/ar  and  muscular  laijer.  The  latter  consists  of  non- 
striated  mnscle  and  nnmerons  blood-vessels  and  connective 
tissue  whose  cells  contain  much  ])igment  in  dark  eyes  and 
a relatively  small  amount  in  blond  eyes.  The  mnscle  of  the 
iris  consi.sts  of  the  sphiiictcr  pupUkr.  snrronnding  circnlarlv 
the  edge  of  the  ]>n[)il,  and  the  dilatator  jmpilkr  consisting  of 
radiating  bundles,  lying  close  to  the  posterior  basal  mem- 
brane. The  two  muscles  are  connected  in  the  region  of  the 
papillary  margin.  Tin;  lamina  hasihu-is  (corresponds  in 
appearance  and  striKctnrcc  to  the  similar  laim'lla  of  the 
choroid.  For  the  pigment  layer  of  the  iris,  .s{‘c  under  the 
retina. 

The  ve.ssels  of  the  choroid  are  e.ssentially  the  .diorl  ]>os- 
terior  ciliarji  arteries,  while  the  loup  posterior  ciliary  and 
atderior  ciliary  arteries  provide  for  tin*  nourishment  of 
the  ciliary  body  and  the  iris.  While  tlu*  choroid  v(‘s.sels  in 
the  lamina  chorio-ccapil laris  form  a very  narrow-meshed 
capillary  network,  the  ve.ssels  of  the  anterior  part  of  the 
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PLATE  76— The  Eye. 

Fig.  1.— Portion  of  a Horizontal  Section  of  the  Human  Bulb 
of  the  Eye  ; Region  of  the  Ciliary  Body,  x 15. 

Tlie  i)rei)anition  wa.s  taken  from  a man  who  had  been  e.\ecuted. 

The  lignrc  sliows  the  tran.sverse  section  of  the  entire  iris,  of  the 
ciliary  body  witli  the  ciliary  processes  partly  in  surface  view,  the  place 
of  junction  of  cornea  and  sclera,  the  conjunctiva  hnlhi,  a portion  of 
the  lens,  and  the  libers  of  the  zonula. 

Technic:  Chromic  acid,  2 ))cr  cent.  Hematoxylin-eosin. 

Keference  letters:  U,  Cornea;  Ch,  choroid;  Co,  conjunctiva  bulbi; 
coo,  anterior  chamber  of  eye;  cop,  jiosterior  chamber  of  eye;  cl,  cap- 
sule of  lens;  Ir,  iris;  L,  lens;  Ic,  lens  ejiithelinm;  Me,  ciliary  muscle; 
Pc,  ciliary  jiroces-ses;  Per,  para  ciliaris  retime;  Sc,  scleia;  Spp,  sphinc- 
ter muscle  of  pu])il;  .sip,  ])iginent  layer  of  iris;  svsc,  sinus  venosus  or 
canal  of  Schlemm;  Z,  zonula  ciliaris. 

Fig.  2.  Portion  of  a Horizontal  Section  of  the  Lens  in  the 
Region  of  the  Equator.  X 220. 

'I'he  ])re])aration  was  taken  from  a man  who  had  been  executed. 

'I'he  iigure  shows  the  epithelial  liber  limits  of  the  len.s.  The  tran- 
sition of  the  cubic  lens  e])ithelinm  of  the  anterior  surface  into  the 
elongated  lens-libei's  at  the  eipiator  of  the  lens. 

Technic  as  in  Fig.  1 . 

Reference  letters:  cl.  Capsule  of  lens;  cp,  lens  epithelium;  If,  lens- 
libera. 


uvea  form  at  tlie  ba.se  of  the  iris  a vascular  ring,  the  cir- 
cn/n.s  iridis  major,  from  which  the  ve.ssels  of  the  ciliary 
body  and  the  radiating  vessels  (capillary  vessels)  of  the  iris 
proceed,  which  surround  the  jmjnllary  margin  circularly, 
forming  the  circnlns  iridis  minor.  The  veins  of  the  uvea 
are,  aside  from  the  sinus  venosus  or  canal  of  Schlemm, 
four  large  veins,  lying  in  the  region  of  the  equator  of  the 
hnlhn.s,  the  venaz  rorfiooHcr,.  The  nerves  of  the  choroid  are 
('.ssentially  va.scnlar  nerves,  while  tho.se  of  the  iris  and  cil- 
iary body  are  nmscnlar  nerves  from  the  sympathetic,  the 
sjihincter  of  the  |)iij)il  and  the  ciliary  muscle  receiving  their 
innervation  through  nenraxes  of  sympathetic  neurones  of 
the  ciliary  ganglion,  the  dilator  of  the  pnjiil  through  nen- 
raxes of  neurones  of  the  superior  cervical  ganglion.  Si'ii- 
sory  nerves  terminate  in  free  .sen.sory  endings  in  the 
ciliary  body  and  iris. 
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Retina  or  Tunica  Interna. 

The  tunica  interua  consists  of  two  main  layers,  the  pig- 
ment epithelium  and  the  true  retina.  They  represent  the 
two  adjacent  layers  of  the  secondary  optic  vesicle  or  optic 

Clip. 

The  pigment  epithelium,  the  outer  layer  of  the  optic  cup, 
consists  of  very  regular,  hexagonal  cells  of  flattened  cubic 
form,  which  consist  of  an  outer  half  showing  little  pig- 
ment and  containing  the  nucleus,  and  an  inner,  markedly 
pigmented  half  adjoining  the  retina  (see  Plate  3,  Fig.  4). 

The  retina  is  divided  into  two  main  portions,  the  pars 
optica  or  retina  proper  and  the  par's  aeca.  The  latter  is 
divided  again  into  the  pars  ciliar is  and  pars  iridica  retina;, 
two  portions  which  are  not  sharply  separated.  The  pars 
optica  and  the  pars  cseca  are  separated  by  a sharp  line, 
which  has  generally  a slightly  wavy  course  and  is  macro- 
scopically  visible,  the  ora  serrata.  The  finer  structure  of 
the  retina  is  complicated  and  in  some  [>arts  not  fully  in- 
terpreted, so  that  the  discussion  is  here  limited  to  the  most 
important  points  and  those;  which  are  well  understood. 
The  structure  of  the  retina  ])roper  (pars  optica  retince)  is 
e.ssentially  as  follows  : It  consists  of  three  elements  differ- 
ing in  structure  and  function  : the  supporting  elements,  the 
nervous  constituents,  and  the  neuro-epitheli(d  layer.  The 
supporting  elements  are  intimately  (lonnected  with  the 
other  two  constituents,  and,  like  the  elements  of  these,  can 
be  distinguished  in  their  whole  extent  only  after  the  ap|)li- 
cation  of  special  methods.  On  observation  of  the  retina 
by  the  usual  methods  of  investigation,  it  a])[)ears  to  be 
composed  of  a number  of  layers,  which,  reckoning  from 
within  outward,  arc  as  follows:  (1)  Meinbrana  limitans 
interna ; (2)  layer  of  optic  nerve-fibers ; (3)  layer  of 
ganglion-cells;  (4)  inner  reticnlar  or  plexiform  layer; 
(o)  inner  grantdar  layer;  (G)  outer  reticnlar  or  plexi- 
p>rm  layer;  (7)  outer  granular  layer;  (S)  outer  limit- 
ing membrane;  (ft)  rods  and  cones.  We  retain  here 
the  old  classification  of  layers,  which,  in  s[)ite  of  ifs 
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incompleteness,  cannot  be  dispenst'cl  with  for  tlie  time 
until  a new  and  satisfactory  nomciuilatiire  is  at  hand. 
Of  these  layers,  the  Umiting  membranes  belong  to  the  snj)- 
porting  elements,  the  layer  of  npih  nerve-jihers,  the  layer 
of  gang/ion-ce//s,  tlie  inner  granular  layer,  and  the  inner 
and  part  of  tlie  outer  ])/exiform  layers  are  to  be  connted 
among  the  nervous  constituents,  while  the  outer  granular 
layer,  with  a ])oiiion  of  the  outer  plexiform  layer  and  the 
layer  of  rods  and  cones,  represent  the  ncnro-cpithelinm. 

d'he  snpjiorting  frameworU  of  the  retina  is  formed  of 
the  supporting  Jibers  of  Mitl/er.  These  extend  through  the 
entire  thichness  of  the  retina,  beginning  at  the  inner  sur- 
face of  the  retina  with  conc-sha])ed  enlargements  known 
foot-plates,  which  by  their  fusion  form  the  internal  lim- 
iting membrane.  They  have  nuclei  which  are  situated  in 
the  inner  granular  layer.  It  has  been  shown  by  means 
of  special  methods  that  they  give  olf  lateral  branches  in 
both  jilexiform  layers,  and  in  the  granular  layers  show 
impre.ssions  from  the  pre.ssiire  of  the  elements  of  the.se 
layers.  The  Miiller’s  libers  form  the  external  limiting 
iiKMiibrane,  a membranous  structure  with  openings  for  the 
rods  and  cones  and  line  proces.ses  projecting  between  the 
rods  and  cones  called  fiber  baskets.  Besides  the  Mfdler’s 
libers,  glia  cells  and  fibers  are  found  in  the  retina,  but 
only  in  the  lay(‘r  of  optic  nerve-fibers. 

The  laper  of  nerve-fibers  is  formed  of  the  non-mcdnllated 
fibers  of  the  o])tic  nerve.  They  constitute  in  the  main 
the  neni'axes  of  the  nerve-cells  of  the  ganglion-cell  layer, 
which  contains  large  mnltipolar  ganglion-cells.  The  den- 
drites (T  the.se  ganglion-cells  s])read  ont  in  the  inner 
plexiform  or  reticular  layer.  The  im\er  plexiform  layer 
contains  (he  terminal  branchings  of  the  dendrites  of  the 
neiirotu'sof  the  ganglion-ccll  layer,  as  well  as  thenenraxes 
of  (he  nenroiu'S  of  (he  inner  gi’annlar  layer  and  dendritc's 
and  nenrax(!S  of  oilier  ganglion-cells. 

The  inner  granular  layer,  or,  as  it  may  better  be  known, 
the  iniK'r  ganglion-cell  layer,  is  composed  ol’  scv('ral  di.s- 
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tinct  kinds  of  elements:  (1)  Tlie  nuclei  of  the  Miiller’s 
fibers;  (2)  small  bipolar  ganrjlion-cells,  the  nuclei  of 
which  represent  the  main  mass  of  the  “grannies”  of  this 
laver,  the  nenraxes  of  which  penetrate  into  the  inner 
plexiform  layer  and  there  branch,  while  the  dendritic  pro- 
cesses show  the  same  relation  to  the  outer  jdexiform  layer  ; 
they  are  said  to  penetrate  even  to  the  cells  of  the  outer 
granular  layer ; (3)  two  groups  of  cells,  concerning  the 
relation  of  which  the  views  are  still  contradictory.  Cer- 
tain of  these  cells  bear  the  name  of  spongioblasts  or 
amakrbie  cells,  also  known  as  parareticular  cells  on  account 
of  their  situation  at  the  borders  of  the  inner  plexiform  or 
reticular  layer ; they  are  ganglion-cells  of  the  second  type 
of  Golgi’s  classification,  with  rich  branching  of  their 
nenraxes  in  the  inner  plexiform  layer.  Another  type  of 
cells  found  in  the  inner  granular  layer  is  represented  by 
the  horizontal  cells;  they  lie  mostly  at  the  borders  of  the 
outer  plexiform  layer  and  scud  out  a neuraxis  which  runs 
horizontally.  Together  with  the  amakrine  cells  they  are 
.said  to  form  a reflex  arc  in  the  retina.  T\\c  outer  ple.ei- 
form  layer  consists  again  of  a (hm.se  network  of  cell  })ro- 
ce.sse.s.  The  outer  granular  or  nuclear  layer  contains  two 
kinds  of  cells:  The  main  ]>art  is  formed  by  the  rod  visual 
cells;  the  .‘second  form,  the  cone  ri.su(d  cells,  lie  with  their 
nuclei  g(‘nerally  close  to  the  outer  limiting  nu'inbranc.  To 
thc.se  cells  belong  also  the  rods  and  cones,  which  arc  prob- 
ably to  be  regarded  as  cnticnlar  foi’inations  of  the  cells. 
The  rod  visiad  cell  consists  of  the  rod,  lying  outside  of  the 
external  limiting  meml)rane,  and  tin;  rod  fiber,  lying  in- 
ternal to  that  meml)rane.  The  rod  til)ers  arc  long,  slender 
cells,  which  show  an  enlargement,  the  rod  gravule,  at  the 
place  of  the  imclens.  The  inner  central  end  of‘  the  lil)er 
is  thickened  at  its  ending  in  the  plexiform  layer.  The 
rod  consists  of  a sonu'wliat  l)roader,  ro(l-lik(>,  <rramdar 
inner  segment  ami  an  exactly  cylindric,  sonu‘wiiat  nar- 
rower homogeneous  outer  .segment,  d’he  outer  sea;ment, 
which  is  doubly  refractive',  may  be  separated  by  certain 
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reagents  or  by  certain  nictliods  of  staining  into  transverse 
discs.  Tlie  inner  end  of  the  inner  segment  shows  a 
delicate  sn]u'rtioial  striation. 

Like  the  rod  visual  cells,  the  cone  vimal  cdh  consist  of 
cones  and  (!onc  fibers.  In  the  cone  fibers  the  nucleus  lies 
close  to  the  external  limiting  membrane;  the  real  fibers, 
therefore,  lie  intcu’ual  to  the  nucleus  and  extend  through 
the  outer  granular  layer  to  the  outer  ])lexiform  layer, 
where  each  ends  in  a cone-shaped  enlargement,  the  cone 
foot.  The  cones,  like  the  rods,  liave  an  inner  and  an  outer 
segment.  The  former  are  thick  fiask-shajied;  the  latter 
are  short,  much  shorter  than  the  outer  segments  of  the 
rods,  and  have  the  form  of  a narrow  cone.  The  structure 
of  the  cones  is  otherwise  essentially  the  same  as  that  of 
the  rods.  Not  all  c,ones  have  the  same  form;  at  the 
jHiriphery  of  the  retina,  near  the  ora  serrata,  are  very 
short  broad  cones,  while  the  region  of  the  macula  lutea  has 
long  narrow  cones,  and  the  cones  of  the  region  of  the 
fovea  centralis  are  so  long  and  narrow  that  tliey  assume 
almost  the  form  of  rods  and  are  known  as  foveal  cones. 
The  number  of  rods  is  greater  than  that  of  the  cones. 
Generally  four  to  five  rods  occur  to  each  cone.  Only  in 
the  middle  of  the  macula  lutea  and  partly  also  in  the 
neighborhood  of  the  ora  serrata  is  the  relative  proportion 
altered  (see  page  227). 

The  elements  of  the  retina,  aside  from  the  amakrine  and 
horizontal  cells,  are  so  connected  that  the  light  impulse  is 
carried  through  the  rod  and  cone  fibers  into  the  outer 
])lexiform  layer.  Here  these  are  in  contact  with  the  per- 
ipheral dendrites  of  tlie  bij)olar  cells  of  tlie  inner  granules. 
The  bij)olar  cells  of  the  inner  granules  again  enter  into 
contact  by  means  of  their  nenraxes  with  the  dendrites  of 
the  nerve-cells  of  tlie  ganglion-cell  layer,  the  nenraxes  of 
which  form  the  optic  fibers.  Three  portions  of  the  retina 
are  es|)eeially  distinguished  on  account  of  their  struetnre  : 
the  ora  .^errata,  the  fooea  centralis,  and  the  i^lace  of  en- 
trance of  the  ojilic  nerve. 
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Before  reaching  the  ora  serrata  the  retina  becomes  essen- 
tially thinner.  The  optic  fiber  layer  is  entirely  lacking; 
only  a few  scattered  ganglion-cells  are  found.  Finally 


Fig.  fit. — Diagrammatic  representation  of  tlie  elements  of  the 
retina  and  of  its  nervous  relations  (without  eoTisideration  of  the 
amakrine  and  horizontal  cells);  to  the  left  the  supporting  elements,  to 
the  right  the  nervous  elements  and  neuro-ei)ithelium.  fk,  Fiber 
ha.skets  of  Miiller’s  libers;  k,  niiclims  of  Midler’s  liber;  ?/,  liber  cone 
of  AFiiller’s  libers;  ntk,  hkI  nucleus;  zk,  cone  nucleus;  i,  internal  lim- 
iting membrane;  2,  layer  of  ojitic  libers;  .3,  ganglion-cell  layer;  4^ 
inner  jilexiform  layer;  6,  inner  granular  layer;  6',  outer  plexil'orm 
layer;  7,  outer  granular  layer;  8,  outer  limiting  membrane;  8,  rods 
and  cones;  10,  pigment  epithelium. 


the  plexiform  layers  and  the  inner  and  outer  grannlar  lay- 
ers become  confluent  and  form  the  cubic  e])ithclinm  of  the 
pars  ciliaris  retime.  Rods  and  csjiecially  broad,  short 

cones  extend  to  near  the  edge  of  the  ora  serrata.  Lartre 

15  ^ 
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PLATE  77.— Eye. 

Fig.  1. — Portion  of  a Cross-section  of  the  Retina  of  Man 
in  the  Neighborhood  of  the  Place  of  Entrance  of  the  Optic 
Nerve.  X 

The  ])re))anition  wius  taken  from  a man  wlio  had  Iieen  executed. 

'The  lignn*  re])re.senks  the  typical  lamination  of  the  retina.  Nerve- 
(il)in-,  ganglion-c;ell,  and  inner  grannlar  layer.'?  are  relatively  well  de- 
velo])cd. 

T'eehnie:  Zeidcer’s  solution.  I lematoxylin-eosin. 

Reference  letters  for  Figs,  l-d:  /,  Internal  limiting  membrane;  2, 
layer  of  ojitic  nerve-libers;  .7,  ganglion-cell  layer;  4,  inner  jilexiform 
layer;  ,5,  inner  grannlar  layer;  outer  ])lexiform  layer;  7,  on  ter  gran- 
ular layer;  <S’,  external  limiting  membrane;  .9,  rods  and  cones;  9*, 
cones  and  foveal  cones;  10,  ])igment  e])ithelinm;  /a/,  blood-vessel.s  of 
the  retina;  rh,  choroid;  per,  jiars  ciliaris  retime;  rf,  Miiller’s  libers; 
V,  vaenole. 

Fig.  2. — Transverse  Section  through  the  Fovea  Centralis 
of  the  fi liman  Retina.  X 

'The  itrejiaration  was  taken  from  a man  who  had  been  executed. 

T'he  lignn^  shows  the  changes  which  the  retinal  layers  undergo  in 
the  region  of  the  fovea  centralis. 

'rechnic;  Sublimate.  I lematoxylin-eosin. 

Fig.  Meridional  Section  through  the  Ora  Serrata  of 
Man.  X 100. 

T'he  preiiaration  was  taken  from  a man  who  had  been  executed. 

T'he  ligure  shows  the  gradual  confluence  of  all  the  retinal  layei-s, 
which  often  contain  vacuole.s,  into  the  simple  columnar  cells  of  the 
jiars  ciliaris  retime. 

T'eehnie:  Chromic  acid,  2 per  cent.  Hematoxylin-eosin. 


hollow  s])a(;L\s  are  often  found  in  varying  number  in  the 
retina  at  the  ora  serrata,  thought  to  be  due  to  edema. 

The /orca  centralis  pre.sents  a number  of  jieculiaritics  of 
lamination,  which  continue  jiartly  into  its  nearest  surround- 
ing,s,  but  in  the  region  of  the  macula  lutea  pa.ss  over  into 
the  usual  structure  of  the  retina. 

'file  ganglion-cell  layer  thickens  considerably  in  the  re- 
gion of  the  fovea  centralis  and  macula  lutea,  so  that  its 
elements  form  from  live  to  eight  layers  and  the  inner 
granular  layer  is  much  broader.  Ilenle’s  fiber  layer, 
cone  and  rod  fiber.s,  which  here  form  a distinct  layer  be- 
tween the  outer  granular  and  ph'xiform  layers,  is  very 
distinct.  In  jilace  of  the  rod  and  cone  visual  eells,  cones 
alone  occur,  which,  toward  the  base  or  fundus  of  the  fovea, 
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increase  in  length  and  diminish  in  caliber  (compare  page 
224).  Corres])onding  to  this,  the  outer  granular  layer 
consists  only  of  cone  visual  cells,  the  nuclei  of  which  do 
not  all  lie  in  close  relation  to  the  external  limiting  mem- 
l)i-ane,  as  in  other  parts  of  the  retina.  The  fundus  foi-ece 
is  characterized  by  the  fact  that  nearly  all  the  layers  of  the 
retina  are  lacking  except  the  foveal  cones.  All  the  others, 
especially  the  inner  layers,  are  here  reduced  to  a minimum 
and  pushed  aside  and  thus  increase  the  slope  of  the  de- 
pression, the  outer  granular  layer  being  reduced  first. 

At  the  point  of  entrance  of  the  optic  nerve,  the  optic 
papilla,  all  the  retinal  layers  are  lacking  except  that  of  the 
nerve-fibers.  T\\q  pars  cccca  retinae  presents  differences  in 
the  regions  of  the  pars  iridica  and  pars  ciliaris  retinae,  as 
in  the  former  the  pigment  ei)ithelial  layer  and  the  retinal 
layer  are  both  pigmented,  while  in  the  latter  the  retinal 
layer  consists  of  cubic  or  low  columnar  unpigmented  cells 
in  a single  layer. 

Only  the  pars  optica  refinte  contains  blood-vessels  which 
rise  from  the  arteria  centralis  retiiac  ami  open  into  the 
vena  centralis.  These  blood-vessels  nourish  only  the 
inner  layer  of  the  retina  and  lie  in  the  layer  of  nerve- 
fibers,  rarely  in  the  layer  of  ganglion-cells.  The  fovea 
centralis,  as  well  as  the  neighborhood  of  the  ora  serrata,  is 
non-vascular.  As  has  been  stated,  the  outer  layers  of  the 
retina  are  supplied  by  the  dense  vasetdar  network  in  the 
chorio-caj)illary  layer  of  the  choroid,  who.se  main  function 
this  would  seem  to  be. 

The  Optic  Nerve. 

The  ofitic  verve  has  three  sheaths,  which  correspond  to 
the  dura  mater,  arachnoid,  and  pia  mater  of  the  central 
nervous  system.  The  fibers  of  the  o|)tic  nerve,  like  those  of 
the  central  nervous  system,  are  medullatcd,  but  are  without 
the  .sheath  of  Schwann.  The  pia  mater  sends  numerous 
septa  into  the  interior  of  the  nerve  and  thus  forms  small 
bundles  of  optic  nerve-fibers.  Within  the  bundles  the  frame- 
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PLATE  78— Eye,  Lachrymal  Gland. 

Fin.  1.— Longitudinal  Section  of  the  Place  of  Entrance  of 
the  Optic  Nerve  in  the  Human  Eye.  X 18. 

T'lic  pri'iiiiration  was  taken  from  a man  wlio  had  been  executed. 

Tlie  (igure  shows  the  optic  nerve  with  its  sheaths  and  liber-hun- 
dle.s,  Ihe  pa.s.sage  tlirongli  tlie  lamina  crihrosa  .sclene  and  the  spreading 
out  of  the  (ihers  in  the  iipjier  layer  of  the  retina.  In  the  axis  the 
vena  centralis  is  met.  Surrounding  the  papilla  nervi  optici  wesee  the 
cross-seelion  of  the  coats  of  the  eye. 

T'echnic:  Snhlimate.  I lematoxylin-cosin. 

Kefenmce  letters:  Ch,  Choroid;  tl,  dural  .sheath  of  optic  nerve;  epn, 
jiliysiologic  excavation  of  the  papilla  of  the  optic  nerve;  fno,  handles 
of  the  o])tic  nerve;  Ic,  lamina  crihrosa  of  the  .sclei'a;  110,  ojitic  nerve; 
p,  pia-arachnoidal  sheath  of  the  ojitic  nerve;  R,  retina;  Sc,  sclera;  vc, 
vena  centralis.  • 

Fkj.  2. — Portion  of  a Transverse  Section  of  the  Human 
Lachrymal  (Hand.  X lyo. 

The  ])reparation  was  taken  from  a man  who  had  lieen  executed. 

'The  iignre  shows  the  loose  arrangement  of  the  lobules  of  the  lach- 
rymal gland,  which  are  se|)arated  by  connective  tissue.  In  the  gland 
ti.ssnc  .secreting  tnhnles  and  smaller  excretory  ducts  are  visible. 

'Technic:  Snhlimate.  I lematoxylin-eosin. 

Reference  letters:  Connective  tissue  rich  in  lymph-cells;  ds^, 

median  excretory  duct;  dn.^,  small  excretory  duct;  F,  adipo.se  tissue; 
n,  secretion;  ts,  tiihiilc  with  branchings  and  dilations. 


work  is  formed,  not  of  endoiieiiriiim,  as  in  the  pcriplieral 
nerves,  l)itt  by  nem-oglia  iifisue.  As  in  the  central  nervous 
.system,  the  optic  nerve  has  a peripheral  neurogliar  mantle. 
In  the  interior  of  the  optic  nerve  are  found  the  central 
vein  and  artery  of  the  retina. 

The  fibers  of  the  optic  nerve  become  non-medullated  in 
])assing;  through  the  .sclera.  At  the  entrance  of  the  ojitic 
nerve  the  sclera  is  j)cnetrated  by  small  opening.s,  this  area 
being  known  as  the  area  eribrom  ; the  choroid  is  here  en- 
tirely lacking.  The  non-medullated  fibers  of  the  ojitic 
nerve  spread  out  on  the  retina,  forming  a flattened  elevation 
with  a slight  hollow  in  the  center  ; the.se  are  known  as  the 
opfiu  ])a,pU/a,  with  t\\c  j)hifsiologic  e.v.carafion,  in  the  center. 

The  Vitreous  Body  and  the  Zonula  Ciliaris. 

'The  ritreouH  hodg  is  rich  in  fluid  and  contains  some  few 
eomiective-ti.ssue  fibers  and  leukocytes;  couuective-ti.ssue 
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cells  are  said  not  to  occur  in  the  vitreous  body.  The 
zonula  cUiarls  consists  of  sfrudurele.ss  fibers,  which  arise 
from  the  e[)itlielial  cells  of  the  pars  ciliaris  retinae  in  the 
vallevs  between  the  ciliary  processes,  and,  covering  the 
ciliarv  processes,  pass  toward  the  lens.  The  zonula  fibers 
form  several  not  sharply  differentiated  layers  and  cross 
each  other  manv  times  before  reaching  their  attachment  in 
the  region  of  the  lens. 


The  Lens. 

The  lens  is  an  epithelial  structure  which  takes  its  origin 
from  the  ectoderm.  It  consists  of  a humof/enenas  capsule, 
the  capsule  of  the  lens,  whieh  is  thinner  behind  than  in 
front,  surrounds  the  entire  lens,  and  bears  on  its  inner 
side,  in  the  region  of  the  anterior  surface  of  the  lens,  a 
simple  cubic  epithelium,  the  lens  epithelium.  At  the 
e<piator  of  the  lens  this  changes  gradually  into  fiber-like 
cells  which  extend  from  the  anterior  surface  of  the  poste- 
rior ca])sule  to  the  lens  e])ithelium.  The  main  mass  of 
the  lens  is  formed  of  these  lens-fibers  (see  Plate  76,  Fig. 
2).  The  lens-libers  are  long,  six-sided,  often  flattened 
ju’isms,  which  generally  have  an  oval  nucleus;  only  the 
so-called  central  fibers  and  transition  fibers  of  fhe  human 
lens  are  noii-nueleated.  The  main  ]>ortion  of  the  lens- 
fibers  ai’(!  arranged  in  radial  lamelhe.  The  number  of 
these  lamelhe  amounts  to  about  2000.  Xeitlu'r  the  vitre- 
ous body  nor  the  lens  contains  blood-vessels  and  nerves. 

The  Auxiliary  Apparatus  of  the  Eyeball. 

The  Eyelid. — 'rin*  ei/elids  ar(i  folds  of  tlui  skin,  which 
on  the  anterior  surface  ])resent  the  usual  struefure  of  the 
shin,  while  tla?  posterior  sni'fiuH'  is  covered  by  f he  conjnne- 
tival  mneous  membraiu'.  From  befor('  backward  we  dis- 
tinguish in  th(!  eyelid  the  following  layers:  (1)  ddie  skin 

with  the  1 amigo  hairs,  .sebaceous  and  sudoriferous  glands; 
(2)  subentaneons  tissue;  (.'?)  the  M.  orbicularis  palpebra- 
rnin  ; (4)  hM)se  connective  ti.ssiie  with  the  main  vessels  of 
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PLATE  79.— Eyelid. 

Vertical  Section  of  the  Upper  Eyelid  of  Man.  X 14. 

Tile  jireparation  wius  taken  from  a man  who  had  been  executed. 

The  lifiure  fjives  a general  view  of  tlie  structure  of  the  eyelid,  sliow- 
ing  itsdilTerent  layers.  Two  cilia  are  met  in  the  section,  one  of  which 
is  in  the  jiroce.ss  of  falling  out.  A small  accessory  lachrymal  gland  is 
seen  on  the  conjunctival  surface. 

Technic:  Muller’s  Iluid.  J lematoxylin-cosin. 

Weference  letters:  at,  Arterial  arcus  tarseus;  C,  cilia;  dgl,  excretory 
duct  of  lar.sal  gland;  ///e,  ciliary  gland  (Moll);  f/llu,  accessory  lachry- 
mal gland;  f/lt,  Meibomian  gland;  McK,  ciliary  muscle  of  Riolani; 
Mop,  M.  orbicularis  i)alpebrarum ; 311,  non-striated  muscle-fdiers  of 
the  tai'sjvl  muscle  and  tendon  of  the  levator  palpebric  superioris;  nlc, 
lymph-nodes  of  the  conjunctiva  palpebric;  T,  tarsus. 


tlie  lid  ; (5)  the  tar.sus  with  the  tarsul  glands;  (G)  the 
conjunetiva  ])id))ebrarmn. 

ddie  .skin  of  the  tid  pre.scnts  no  ])ecidiaritie.s.  Between 
the  outer  and  inner  edges  of‘  the  lids  it  passes  gradually 
over  into  the  conjunetiva.  Here  one  or  two  layers  of 
relatively  thick  hairs  arc  found,  the  cilia,  which  are  char- 
acterized hy  the  fact  that  they  are  regularly  and  quite 
frequently  slu'd,  and  as  a con.sequencc  club-hairs  are  often 
found.  In  the  region  of  the  cilia  are  found  the  ciliary 
(jlands  or  the  of  il/o//,  modified  sudoriferous  glands, 

which  dilfer  from  the  ordinary  sweat-glands  in  that  they 
branch  and  ]io.ssess  relatively  large  oval  or  spheric  alveoli. 
A portion  of  i\\e  palpebral  mmcle  jmshes  between  the  cilia 
and  the  inner  edge  of  the  lid  and  is  designated  as  the 
M.  tarsalis,  or  the  ciliary  muscle  of  Riolani.  This  sur- 
rounds the  opening  of  the  Meibomian  glands  to  a varying 
extent  with  bundles  of  transversely  .sti’iated  muscle.  The 
main  mass  of  the  is  sc))arate(l  from  the 

skin  of  the  lids  by  loo.se  subcutaneous  connective  tissue. 
Ijctween  the  mu.scle  and  the  tarsus  is  loo.sc  connective 
tissue  often  containing  fat,  which  surrounds  the  larger 
blood-ve.s.scl.s  and  nerre  trunks  of  the  lid.  In  the  neigh- 
borhood of  the  roots  of  the  cilia  the  artcri:d  arcus  tarseus 
is  Coiind. 

'fhe  tarsus  or  lid  cartilage  is  com])oscd  of  den.se  formed 
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connective  tissue.  Its  entire  length  is  occupied  by  the 
Meibomian  glands,  which  correspond  in  their  liner  struc- 
ture to  the  sebaceous  glands  of  the  hair-bulbs.  They  have 
a long  median  duct,  which  is  surrounded  by  the  gland 
alveoli.  The  large  excretory  duct,  which  has  no  alveoli, 
is  lined  by  stratified  pavement  ei)ithelium  and  opens  close 
to  the  inner  margin  of  tlie  lid.  The  posterior  surface  of 
the  tarsus  is  covered  by  the  conjunctiva  palpebrarum, 
which  is  attached  to  the  tarsus.  Its  mucous  membrane  is 
rich  in  lymph-cells,  which  form  soUiary  follicles  in  the 
region  of  the  fornix  conjunctivse.  The  mucous  membrane 
of  the  conjunctiva  palpebrarum  has  no  papillae;  the  epi- 
thelium is  stratified  columnar,  paj>ill8e  occurring  only  in 
the  region  of  the  fornix  conjunctivse.  At  the  upper  end 
of  the  tarsus  is  the  insertion  of  the  tendon  of  the  M.  leva- 
tor palpcbrte  mingled  with  non-striated  muscle-fibers. 
Small  accessory  lachrynud  glands,  of  the  same  structure  as 
the  main  glands,  are  often  situated  near  the  upper  end  of 
the  tarsus  close  under  the  conjunctiva.  The  conjunctiva 
bnlbi  is  covered  by  stratified  ])avement  ejiithelium,  under 
which  we  find  a pa[)illated  mucosa.  The  nerves  of  the 
conjunctiva  end  partly  in  free  endings  and  partly  in 
Krause’s  spheric  end-bulbs. 

The  Lachrymal  Glands. — The  lachrymal  gland  is  a 
compound  tubidar  gland,  which  is  not  sharply  sc])arated 
from  the  surrounding  tissue  and  is  embedded  in  fat  tissue. 
Adijiose  tissue  in  variable  amount  is  also  found  betwt'en 
the  lobules  of  the  gland.  (See  Plate  78,  Fig.  2.)  The 
cells  of  the  secreting  tubules,  wliicJi  are  distinctly  branched, 
are  cubic  to  columnar,  and  the  lumen  of  the  (canals  is  gen- 
erally (piite  narrow;  when  the  tubules  are  empty,  the  cells 
are  lower;  but  when  they  are  Idled  with  Ihe  sc'crelion, 
their  surface  on  the  side  of  tlie  lutium  appears  cl<‘ar.  In 
addition  to  these  cells,  much  flatter  cells  occur,  which  are 
easily  distinguished  from  the  colnmnar  cells.  Interme- 
diary duels  with  low  epithelium  form  the  transition  to  the 
excretory  ducts,  the  smaller  of  which  are  lined  by  cubic 
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PLATE  8o— Organ  of  hearing. 

Fig.  1. — Portion  of  a Transverse  Section  of  the  External 
Auditory  Canal  of  Man.  X ir). 

T’lie  i)rc])arati()ii  wiis  taken  from  a man  who  had  been  executed. 

Tlie  lifjnre  jj;ives  a general  view  of  the  Ciirtilaginous  external  audi- 
tory canal. 

'IVchnic:  Miiller’s  Iluid.  I lematoxylin-eosin. 

K’eferencc  letters;  ylc,  Ceruminous  glands;  ylse,  sebaceous  glands; 
Ah,  cartilage. 

Fig.  2. — Portion  of  a Cross-section  of  a Cochlea  of  a Nevv= 
born  Child.  X oO. 

'The  ])re]iaration  was  taken  from  a still-born  child. 

'I’lie  iignn;  shows  the  cro.s.s-section  of  a duct  of  the  os.seous  cochlea 
and  gives  a gmieral  view  of  the  ductus  eochlearis. 

Technic;:  Hermann’s  solution.  Hematoxylin-eosin. 

Reference  letters:  by,  Hlood-vc;s.sels;  <lc,  ductus  eochlearis;  ysp, 
s])iral  ganglion;  A'h,  hone;  hji,  limhiis  spiralis;  lapm,  lamina  sjiiralis 
memhranacea;  luito,  lamina  sj)iialis  o.s.sc>a;  viv,  inemhrana  vestihularis 
or  h’eissncr’s  membrane;  n,  nervus  acusticus;  set,  scala  tymj)ani;  vp, 
vas  i»rominens;  see,  scala  vestihuli. 


(‘pithclium,  tlie  larger  by  coliunniir  epithelium  showing 
two  layers  of‘  cells.  Sympathetic  nerve-fibers  have  been 
traced  to  the  cells  of‘  the  secreting  tubules. 


THE  ORGAN  OF  HEARING. 

The  organ  of  hearing  consists  of  the  external  ear,  the 
middle  ear,  and  the  inner  ear.  The  e.vtemal  car  is  com- 
posed of  the  pinna  of  the  ear  and  the  external  auditory 
canal.  The  tyinjianio  membrane  sejiarates  the  external  ear 
from  the  midilleear.  The  c.vteriial  (Ytr  consists  of  a cartil- 
tiginous  framework  of  elastic  cartilage,  which  is  coveri'd 
by  skin. 

The  external  auditory  canal  has  a framework  consi.sting 
jiartly  of  clastic  cartilage  and  ])arfly  of  bone,  fo  which  is 
intiniat(‘ly  attaclusl  a thick  mucous  membrane.  'Phe  latter 
is  really  a c()ntinuation  of  the  skin,  and,  lik(>  (his,  presents 
stratitii'd  pavemcnl  ('pithclium  with  small  hiiir  follicles  and 
relatively  largi'  sc'baccons  glands  and  ('sp(>(;ially  large 
Hudurije.rous  glands  known  as  ceruminous  glands.  '1  hese 
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have  very  large  coils  composed  of  branched  tubides  with 
large  lumen,  high  epithelium,  and  distinct  non-striated 
muscle-fibers,  like  the  axillary  glands  (see  ])age  211). 
The  excretory  ducts  are  sliort  in  comparison  with  those  of 
other  sudoriferous  glands.  The  glaudidar  epithelium  con- 
tains pigment  granules  and  often  fat  granules. 

The  middle  ear,  the  tympanic  cavity,  has  a thin  mucous 
membrane,  often  witli  ciliated  flattened  epithelium,  which 
changes  in  the  Eustachian  tube  to  a stratified  ciliated  epi- 
thelium. Glands  are  absent.  The  tipnpanic  membrane 
is  a connective-tissue  membrane,  which  is  covered  on  the 
tympanal  side  by  the  mucous  membrane  of  the  middle  ear, 
on  the  outer  side  by  the  mucous  membrane  of  the  external 
auditory  canal. 

The  Inner  Ear  (Labyrinth). 

Sacculus,  utriculus,  and  semicircular  canals  ]>re- 
sent  in  general  the  same  structure. 

d'he  membranous  ducts  are  composed  of  a flattened  cpi- 
tluTum,  a basal  membrane,  and  a connective-tissue 
sheath.  Loose  connective-tissue  trabecula?  unite  the  mem- 
branons  ducts  to  the  bony  wall.  Between  the  coimective- 
tissne  traljccidie  is  found  the  pei'ilymph.  At  the  macukc, 
and  crishn  acusticai  the  epithelium  is  thickened.  In  those 
places  wliere  the  endings  <jf  tlie  v(‘stibular  nerve  are  dis- 
tributed, a typical  sensory  epithelium  is  found,  which 
])resents  two  kinds  of  cells:  (1)  d'lie  hair-cells,  columnar 
cells  situated  at  tlie  Ijorder,  with  ciliated  margin;  the  cilia 
are  known  as  auditory  hairs;  (2)  the  long  fiber-cells  occn- 
])ying  the  entire  thickness  of  tlu'  epithelium,  narrow  and 
broadened  c)iily  at  tlu?  lower  basal  ends,  d'he  fiber-cells 
are  ])robably  sup|)orting  cells.  On  the  auditorv  hairs  are 
crystals  of  calcium  carbonate  called  ololil/is.  3’hc  fibers 
of  the  X.  vestibuli  become  non-medidlated  at  the  basal 
surface  of  tin*  epithelium,  pass  between  tlu'  hair-c(‘lls,  and 
end  on  their  lateral  snrfiiees,  at  the  same  time  branching 
ut  their  bases. 
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Fi^-  f>2. — Transverse  scclion  of  the  osseous  and  memhranous  semi- 
circular cnnal  of  a new-born  child.  X Sr).  The  fifriire  shows  in  the 
u])i)er  ])ortion,  exc'entrie^illy  ])laced,  the  cross-section  of  the  memhran- 
ous semieireular  canal,  which  is  connected  with  the  osseous  wall  by 
some  few  connective-ti.ssue  ti'aheenhc.  Inlij,  Connective-tissue  trabec- 
ula'; Ilf/,  blood -ve.sscls;  vp,  e])ithelium  of  the  membranous  duct;  A», 
os.seous  wall;  hiir,  cartilaginous  remains;  p,  ])eriosteum. 

I''i{f.  (id. —'rransvcr.se  section  of  the  macula  acustica  of  the  cat. 
X 120.  'i'he  lifjnre  ))resenta  the  thickeniuff  of  the  ei)ithelium  in  the 
region  of  the  macula  acusUca  and  the  entrance  of  the  nerve,  the  libers 
of  which  are  mcdullated  until  they  reach  the  ba.sal  membrane,  cp, 
Colmunar  c])ithelium,  forming  the  transition  of  the  flattened  epithe- 
lium into  the  sensory  ('])itheiium ; a,  branch  of  nervus  vestibuli;  nf, 
.some  mcdullated  nerve-libers  ai)jm)aching  the  epithelium. 


The  Cochlea. 

'PIk^  cochlea  |)resonts  a Par  more  complicated  structure 
tliaii  ilie  .semicirtailar  canals.  The  mcmhmnous  cochlea, 
llic  duel  as  coch/earls,  c,orres])onds  to  the  membranous  semi- 
circular canals;  the  spaces  of  the  scala  tympani  and  scala 
vestibuli  rcpre.scut  the  perilymphatic  space. 

The  ductus  cochlcaris  is  a spirally  twisted  canal,  tri- 
auirular  in  cro.s.s-st^ctiou.  'Phe  thin  membrana  vestibularis 
or  Reissner’s  membram;  forms  its  boundary  on  the  side 
of  the  seala  vcstil)uli  ; its  base  consists  of  the  lamina,  spi- 
ralis meiubranacea  and  partly  also  of  the  lamina  spiralis 
ossca,  which  form  the  boundary  on  the  side  of  the  scala 
tympani ; the  lateral  wall  lies  against  the  pcrio.stcnm  of 
the  outer  wall  of  the  bony  cochlea.  On  the  inner  snriace 
of  Reissner’s  membrane  the  ejnthelimn  of  the  cochlear  duct 
is  Hat;  on  the  lateral  wall,  cubic.  'Phe  e))ilhelinm  on  the 
membrana  spirsdis  rcjircscnts  a highly  differentiated  and 
s|)e(;ialized  nciero-cpitheliu.m,  the  so-called  organ  of  Corii. 
Reissner’s  membrane  is  insc'rtcd  on  the  snrtacc  of  the 
lamina  sj)iralis  ossca  close  to  its  tree  end,  so  that  a part  ot 
the  o.sseons  spiral  lamina  forms  tlu'  tympanal  boundary  ol 
the  coehh'ar  duet.  At  tlu'  phu^c  o(  attachment  of  Rcis.s- 
ner’s  membraiu',  the  ])eriostcnm  ol  the  osseous  spiral 
memlu'aiu'  is  thi(^kened  to  form  the  limbus  spiralis  ; this 
thickening  proje(its  I’rccly  into  tin*  cochlear  duct  and  is 
known  as  the  labium  vestibnlare. 
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. A sirailai'  periosteal  thickening  is  found  on  the  inner 
surface  of  the  outer  cochlear  wall,  where  the  membranous 
spiral  lamina  is  attached  ; this  is  known  as  the  ligamen- 
tum  spirale.  That  portion  of  the  ligamentum  spirale 
which  forms  the  outer  wall  of  the  cochlear  duct  is  rich  in 
blood-vessels  and  is  designated  as  the  vStria  vascularis  ; in 
it  one  very  prominent  vessel  is  found  projecting  into  the 
cochlear  duct  and  the  elevation  is  termed  the  vas  promi- 
nens.  The  membranous  spiral  lamina  is  a membrane 
composed  of  fine  connective-tissue  fibers  with  oblong  flat- 
tened nuclei.  It  is  attached  to  the  free  end  of  the  osseous 
sjural  lamina  at  the  labium  tympanicum.  The  crypt  of 
the  cochlear  duct  which  lies  between  the  labium  vestibu- 
lare  and  labium  tympanicum  is  called  the  sulcus  spiralis. 
On  the  under  surface  of  the  membranous  spiral  lamina  is 
found  a connective-tissue  layer  from  the  periosteum  of  the 
scala  tympani,  the  fibers  and  nuclei  of  which  are  vertical 
to  tho.se  of  the  membranous  spiral  lamina,  the  so-called 
tympanal  parietal  layer.  This  generally  contains  a blood- 
ve.ssel,  the  vas  spirale.  The  cubic  to  columnar  epithelium 
of  the  lirnbm  spiralis  changes  at  the  labium  vestibulare 
into  peculiar  flat  processes  called  auditory  teeth.  The 
e{)ithelial  cells  of  this  region  form  a thin  cuticular  struc- 
ture of  fibrous  appearance,  which  is  often  slightly  curved 
at  the  end,  cxt(‘nding  from  the  labium  vestibulare  to  the 
cells  of  the  organ  of  Corti.  It  is  known  as  the  mcmbrana 
tcetaria. 

The  organ  of  Corti,  which  is  formed  from  the  ejnthe- 
lium  of  the  ba.se  of  the  cochlear  duct,  is  situated  on  the 
ineml)ranous  spiral  lamina.  It  is  compo.sed  for  the  most 
part  of  three  special  kinds  of  cells  : the  j)iUar  cells,  the 
hnir-cell.s,  and  the  cells  of  Deiters.  The  pillar  cells  lie  in 
two  spiral  rows,  an  outer  and  an  inner.  They  are  to  be 
regarded  as  suj)[)orting  cells  of  the  organ  of  Corti.  They 
consist  for  the  most  part  of  a coruified  substance  and 
stand  with  the  ba.se  on  the  basilar  membrane,  while  the 
broadeiK'd  lieads  are  in  contact  with  the  pillars  opposite  ; 
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Fip.  fi  l. — Longitudinal  section  of  the  cochlea  of  the  cat.  X 25. 
Tlic  lignre  gives  a general  view  of  the  cochlea.  The  section  was  cut 
throngli  the  inodiolns;  in  the  niodiolns  of  the  cochlea  we  see  the  coch- 
lear hraneh  of  the  nervns  aenstiens  and  its  branchings  in  the  lamina 
8])iralis.  The  cochlear  duct  is  met  six  limes  in  the  section,  dc,  Coch- 
lear dtict;  (/up,  sjnral  ganglion;  Kti,  os.seons  cochlear  wall;  Isp,  liga- 
mentnm  s])irale;  vikji,  memhrana  s])iralis;  mv,  memhrana  vestibularis; 
A',  nervns  eoehlearis;  ncl,  .sciila  tym))ani ; ncr,  seala  vestihnli. 

h'ig.  ()5.  - A portion  of  t he  section  from  h'ig.  (M  under  higher  mag- 
nification. X 'Phe  lignre  shows  the  membranous  spiral  lamina, 

with  the  organ  of  Corti  upon  it.  ah,  Outer  hair-cells;  apf,  outer  pil- 
lars; (V«,  cells  of  Claudius;  7)2,  cells  of  Deiters;  c.s.sp,  epithelium  of 
the  .sulcus  s])iralis;  Hz,  cells  of  llensen;  Hi,  inner  hair-cells;  ipf,  in- 
ner ))illar  cells;  Iv,  labium  vestibnlare;  7iih,  membrana  basilaris;  ml, 
membrana  tectoria;  n,  branch  of  the  cochlear  nerve;  vf,  non-mednllated 
nerve-liber  in  the  pillar  tunnel;  Nr,  space  of  Nnel. 


iniior  and  ontt'V  pillars  iire  articiiliitcd  in  such  a way  that 
the  inner  jtillar  forms  a concave  articnhir  surface  for  the 
head  of  the  otiter  jtillar.  In  this  way  is  formed  a sjtiral 
tnnncl  filled  with  fluid,  which  is  covered  arch-like  by  the 
pillar  hciids.  The  nuclei  of  the  pilltir  cells  lie  within  a 
small  amount  of  ])roto])lasm  in  the  side  of  the  base  of  the 
])illar  which  is  nearest  to  the  tunnel.  The  number  of  the 
inner  ])illars  is  greater  than  that  of  the  outer,  as  the 
ont(>r  ])illars  are  the  broader.  The  hair-cells  are  divided 
into  inner  and  outer — that  i.s,  tho.se  that  lie  mesially  and 
laterally  to  the  pillar  tnnncl.  There  is  always  only  one  row 
of  inner  hair-cells  and  a somewhat  vfirying  nnmber — gener- 
ally three  or  four — of  rows  of  outer  hair-cells.  They  are 
short,  columnar,  nucleated  cells,  having  a sharp  process  at 
the  base,  whi(;h  does  not  reach  the  basilar  membrane. 
( )n  the  surface  they  have  flue  stiff  hairs,  lietwcen  the 
outer  hair-cells  and  nearly  filling  the  space  bctwecti  their 
])oititcd  basal  ])rocess('s  are  the  cells  of  Deiterts — long,  nar- 
row (!ells,  which  .send  a narrow  ])rocess  to  tin'  surface  of 
the  iiuditory  Cf'lls.  Deifern’  cells,  like  the  ])illar  ccdls,  are 
supporting  (H“lls  ; tin' upper  cud  lying  bctwiH'u  tlu' iuiditory 
cells  is  slightly  thickcucil  into  iv  hc'ad,  known  as  the  phalan- 
geal process,  so  (railed  b(‘caus(',  when  the  organ  of  C\)i‘ti  is 
viewed  from  the  surface,  the  heads  of  the  cells  aj)])car 
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arranged  in  rows  in  the  spaces  between  the  anditoiy  cells. 
Deiters’  cells  do  not  entirely  fill  tlie  space  between  the 
pillars  and  the  first  row  of  hair-cells,  and  the  space 
remaining  is  known  as  the  space  of  Nnel,  and  is  filled 
with  fluid. 

The  cubic  epithelium  of  the  sulcus  spiralis  is  attached  to 
the  inner  hair-cells  on  the  mesial  side.  The  epithelium 
of  the  so-called  zona  pectiuata,  a name  given  to  that 
portion  of  the  membranons  spiral  lamina  lying  lateral  to 
and  not  covered  by  the  organ  of  Corti,  is  at  first  columnar 
and  farther  out  cubic.  Several  rows  of  cells  nearest  to 
the  organ  of  Corti  are  known  as  the  cells  of  Hensen, 
while  the  remaining  rows  are  the  cells  of  Claudius. 

The  cochlear  branch  of  the  acoustic  nerve  runs  in  the 
7iiodiolu.s,  the  osseous  cocldear  axis,  from  wdiich  it 
branches  spirally  in  the  base  of  the  osseous  spiral  lamina 
and  forms  the  .spiral  ganglion.  The  cells  of  the  ganglion 
are  bipolar.  The  neuraxes  of  the  ganglion-cells  form  the 
acoustic  fibers  and  the  dendrites  pass  totlie  organ  of  Corti, 
tlic  fibers  running  in  the  osseous  spiral  lamina  to  the 
labium  tympanicum;  they  ])ass  through  small  openings 
and  at  the  same  time  become  non-medullated.  Part  of 
these  fibers  run  to  the  inner  hair-cells,  while  part  of  them 
cross  the  tunnel  to  the  outer  hair-cells.  They  probably 
enter  into  union  with  the  lower  ])ointcd  ends  of  the  cells, 
but  only  into  contact,  not  into  cellular  connection. 

The  labyrinth,  vcstibide  as  well  as  cochlea,  niceives 
its  blood-supj)ly  from  a branch  of  the  artcria  auditiva 
interna  (Art.  labyrinthi),  which  forms  capillary  networks 
in  the  strim  vascnlares,  in  the  ganglion  s])irale,  in  the 
membrana  spiralis,  and  the  osseous  walls  of  the  scala 
tym[)ani  and  vestibuli. 

I he  labyrinth  has  no  special  lymph-vessels,  but  oidy 
the  endolymj)hatic  and  perilymphatic  lymph-spaces,  which 
are  connected  with  the  lyinj)h-spaces  of  the  membranes  of 
the  brain. 
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Fig.  fi(i. — Verl-icjil  section  of  the  olfactory  mucous  membrane  of  a 
man  who  liad  l)cen  executed.  X '-350.  rreparations  made  by  Prof. 
K.  W.  Zimmcrmann,  of  Bern.  Tlie  i)reparatiou  was  treated  by  the 
(iolgi  method.  Tlie  u))per  portion  of  the  eiiithelium  was  unrecogniz- 
able on  account  of  the  black  i)rccipit;itc,.  The  connection  of  the  olfac- 
tory libel's  with  the  olfactory  cells  can  be  recognized.  E,  Epithelium; 
O,  olfa<‘tory  libers;  R,  olfactory  cells. 

Fig.  ()7. — Vertierd  section  of  a taste-bud  from  the  papilla  foliata  of 
the  rabbit.  X f>00.  The  ligure  shows  the  ty])icid  i)icture  of  a ta.ste- 
bud  and  its  relation  to  the  stratilied  i)avement  epithelium,  sty,  Gus- 
tatoi'y  i'ihIs;  dz,  tegmental  cells. 

I'Mg.  ()K. — View  of  the  taste-bud  from  the  taste-pore.  X 500.  From 
a st'ction  through  the  ])a])illa  foliata.  of  the  rabbit.  'I'he  figure  shows 
very  distinctly  the  crown  of  the  taste-rods,  vp,  Stratilied  pavemeiit 
ei)ithelium;  dz,  tegmentfd  cells;  yz,  gustatory  cells;  py,  taste-iJore; 
sly,  gustiitory  rods. 


THE  ORGAN  OF  SMELL. 

The  organ  of  .smcil  i.s  in  tlie  olfiictory  region  of  the 
nasal  cavity  (see  jiage  197).  The  olfactory  cells  are  per- 
ipheral ganglion-cells,  for  their  centrijietal  jirocesses  pass 
directly  into  a non-incdnllated  olfactory  liber.  They  are 
long  narrow  cells,  which  include  the  entire  thickness  of 
the  c])ithelinin  of  the  olfactory  region  and  have  in  their 
center  an  enlargement  containing  a nnclens.  The  end  of 
the  cell  which  does  not  pass  into  a nerve-fiber  extends  to 
the  surface  of  the  epithelium,  which  here  forms  a fine 
enticular  formation,  the  membrana  limitans  olfactoria. 
The  ends  of  the  olfactory  cells  jiresent  fine  hairs. 


THE  ORGAN  OF  TASTE. 

The  organ  of  taste  is  found  in  man  principally  in  the 
form  of  taste-biids  on  the  circunirallate papilla:  of  the  tongue 
(see  ])age  137),  but  al.so  on  other  ])apilla3.  The  papilla: 
foUatoi  of  the  rabbit  contain  nnmerons  ta.ste-bnds. 

d'he  taste-buds  are  oval  Cj/dhelial structures,  jiointed  at  the 
upper  end;  they  lie  in  the  stratilied  pavement  epithelimn 
in  such  a way  tliat  the  broader  ba.se  of  the  bnd  lies  on  the 


Fig.  68. 
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THE  ORGAN  OF  TASTE. 
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basal  membrane,  the  point  lying  between  the  upper  flat- 
tened layers  of  cells,  but  always  at  the  level  of  the  surface. 
At  this  j)oiut  is  found  a funnel-shaped  depression  from  the 
surface,  the  taste-pore  or  canal,  into  which  the  point  of  the 
taste-bud  projects.  The  taste-buds  themselves  consist  of 
two  kinds  of  cells,  gustatory  cells  and  tegmental  cells.  The 
former  are  narrow,  sj)indle-shaped  cells,  which  occupy  the 
center  of  the  bud.  Their  points  extend  to  the  taste-pore 
and  there  bear  a bright  rod-shaped  process,  the  [/ustatejry  rod. 
A group  of  rod-bearing  cells  is  inclosed  by  tegmental  cells. 
The  latter  are  of  different  shapes,  elongated,  often  crescent- 
shaped,  nucleated  cells,  which  surround  in  several  layers 
the  center  of  the  bud  which  is  formed  by  the  gustatory 
cells.  The  gustatory  cells  are  epithelial  cells,  like  the 
auditory  cells  of  the  organ  of  Corti,  and  not  ganglion-cells 
like  the  olfactory  cells.  In  consequence  of  this  the  nerve- 
fibers  of  the  X.  glo.sso-pharyngeus,  which  have  become 
non-medullated,  enter  into  contact  with  the  epithelial  cells. 

distinguish  intergemmal  flber.s,  which  end  between  the 
taste-buds,  and  intragernmal  fibers,  which  pass  between  the 
tegmental  cells  to  the  gustatory  cells  and  end  free  between 
them. 
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Adenoid  structures  of  tongue 
and  phar3'nx,  13S 
tissue,  53 
Adipose  tissue,  51 
Adrenals,  193 
Alveolar  glands,  37 
Ainakrine  cells,  223 
Arrectores  piloruin,  209 
Arteries,  116 

Astrocytes  of  neuroglia,  79 
Auditory  teeth,  235 
Axis-cj'linder  of  nerve-fibers, 
75 


Bile  capillaries,  165 
Bile-ducts,  165 
Bladder,  173 
Blood,  W 

and  lymph  vascular  system, 
114 

plasma,  55 
platelets,  61 
Blood-corpuscles,  55 
red,  55 
white,  57 
Blood-vessels,  1 1 5 
nerve-fibers  of,  1 19 
Bone,  Vjlood-vessels  of,  82,  84 
canaliculi,  82 
development.  85 
endochondral,  85,  86 
intramembranous,  89 
nerves  of,  85 
perichondral,  85,  87 
tissue,  81 
Bone-cells,  81,  82 
Bone-marrow,  84 
giant-cells  of,  86,  91 
red,  61 

16 


Bowman’s  capsule,  167 
glands,  197 
Bronchi,  198 
Bronchial  branches,  198 
Bronchioles,  199 
Bruch’s  membrane,  218 


Canaliculi,  bone,  82 
Capillaries,  115 
bile,  165 
secretion,  36 
Capsule  of  Glisson,  161 
Cartilage,  connective-tissue,  50 
elastic,  49 
hyaline,  49 
reticular,  49 
white  fibro-,  50 
Cartilaginous  tissue,  48 
Cell,  17 
amakrinc,  223 
bone-,  81,  82 
centro-acinar,  160 
chief,  of  stomach,  143 
cone  visual,  224 
corneal,  216 
Dcntere’,  236 
enamel,  inner,  134 
outer,  134 
endothelial,  42 
ependyma,  of  neuroglia,  79 
epithelial,  cornification  of,  3(i 
relation  of  one  to  anotlier 
32 

special  dilTereiitiation  of,  33 
follicular,  187 
form  of,  17 

ganglion-,  71.  See  also 
N crve-celU 
giant-,  61 


242 


INDEX. 


(VII,  ftiniit-,  of  lioiio-murrow,  SG, 
<)1 

Koblct.,  8o 
Colgi’s,  72 
luiir-,  22C) 
lutein,  189 

ma-st-,  of  loose  comieeting 
tissue,  -1() 
iiiemhriim^,  20 

nerve-,  71.  See  also  Nrrvc- 
rrlh 

nucleus,  20 

of  coimeeting  tissue,  -1 1 
of  loose  eoiuuicting  li.ssue,  -Ki 
olfactory,  238 
I’aiieth’s,  1-lG 
liaranGicular,  223 
parietal,  M3 
pillar,  235 

plasma-,  of  loose  eoniieetiug 
ti.ssue,  40 
proliferation,  22 
l)rot()pIasm,  18 
foam  tluiorj'  of,  It) 
structure! 'of,  19 
I’urkinje’s,  of  cerebe'llar  cor- 
tex, 101 

])yrami(lal,  of  cerebral  cortex, 
103 

I'od  visual,  223 
Sertoli’s,  177 
size  of,  18 

s])i(ler,  of  neuroglia,  79 
stellate,  of  liver,  1G5 
tendon,  93 
(,'ementum,  131,  133 
Central  nervous  system,  95.  See 
also  Nervou.s  nji.sUmi,  central 
Centro-acinar  cells,  IGO 
Centrosome,  22 
Cen'bellar  cortex,  t)8 

Purkinje’s  cells  of,  101 
Ccreibral  corl,(!X,  103 

l)yraniidal  cell  of,  101 
Ceruminous  glands,  232 
Chief  cells  of  stomach,  M3 
Chloi'id  of  hemat in,  crystals  of, 
57 

( 'hoi'oid,  217 
layers  of,  217 


Chromatin,  21 
Chromosomes,  23 
Cilia,  33 

Ciliary  body,  218 
glands,  230 
muscle,  218 
processes,  218 
Club-hairs,  208 
ttochlca,  234 

membranous,  234 
(Jochlear  duct,  234 
Colloid,  201 

Concretions,  prostatie,  183 
(tone  visual  cells,  224 
(tonjunctiva  bulbi,  231 
])alpebrarum,  231 
Connecting  tissue,  40 
cartilage,  50 
cells  of,  41 
elastic  fibers  of,  43 
fibrous  elements  of,  43 
formed,  45,  4G 
gelatinous,  47 
ground  substance  of,  44 
loose,  45 
cells  of,  4G 
leukocytes  of,  4G 
l)lasma-cells  of,  46 
lym])h-vessels  of,  53 
l)igmented,  52 
reticular  fibers  of,  43 
simple  fibrillar,  45 
white  fibers  of,  43 
Corium,  203,  205 
Cornea,  215 
Corneal  cells,  21G 
endothelium,  21G 
Cornification  of  eidthclial  cells, 
3G 

('tor])US  luteum,  189 
Corptiscles,  blood-,  55 
red,  55 
while,  57 
(Irandry’s,  M2 
llas.sal’s,  127 
llcrbst’s,  113 
Malpighian,  1G7 
Vater-Pacinian,  112 
Corti,  organ  of,  235 
Co\v])er’s  gland,  183 
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Crust  a,  20 
Crystalloids,  20 
Crystals,  lieiiiatoidin,  57 
of  chlorid  of  heinatiii,  57 
Cuticula  dentis,  133 
of  hair,  200 
Cutis,  203 
layers  of,  203 


Deiteks’  cells,  230 
Deiulrites,  72 
Dentinal  fibers,  131 
jjapilla,  134 
sac,  135 
Dentine,  131 
Deutoplasm,  180 
Digestive  organs,  128 
Dilatator  muscle  of  pupil,  210 
Drojilets,  fat,  20 
Ducts,  system  of,  38 
Ductus  cochlearis,  234 
Duodenal  glands,  148 
Duodenum,  147 


Ear,  232 

Efferent  seminal  passages,  180 
urinary  passages,  173 
Egg  tubes  of  Pfliiger,  187 
Ejaculatory  duct,  182 
Elastic  cartilage,  40 

fibers  of  connecting  tissue,  43 
tissue,  47 

Eleidin  granules,  30 
Enamel,  131,  132 
cells,  inner,  134 
outer,  134 
Icrlge,  133 
organs,  133 
pulp,  134 
I'indocardium,  114 
Endochfmdral  bone,  85,  80 
Endoinysiiiin,  01 
Endoneurium,  107 
Endothelial  cells,  42 
Endothelium,  corneal,  210 
of  iris,  210 

Ependyma  cells  of  neuroglia,  70 


Epicardium,  115 
Epidermal  structures  of  skin, 
205 

Epidermis,  202 
layers  of,  202 
Epineurium,  10 
klpiphysis,  107 

Epithelial  cells,  cornificatiou  of, 
30 

relation  of,  to  each  other, 

32 

special  differentiation  of, 

33 

tissue,  29 

Epithelium,  simple  ciliated,  31 
columnar,  30 
cubic,  30 
flattened,  30 
squamous,  30,  31 
stratified  ciliated,  31 
columnar,  31 
pavement,  31 
transitional,  32 
Erythrocytes,  55 
Esophagus,  141 
Eye,  214 

tunica  externa  of,  215 
interna  of,  221 
media  bulbi  of,  217 
Eyeball,  auxiliary  apparatus  of, 
'220 

Eyelids,  229 


Eat  dro])lets,  20 
Eemale  iH'productive  organs,  185 
urethra,  174 
Eiber,  dentinal,  131 
elastic,  of  connecting  tissue', 
43 

Midler’s,  of  retina,  222 
nerve-,  75.  See  also  Nervr- 
filicrx 

reticular,  of  connecting  ti.s- 
sue,  43 
S ha r [ley’s,  84 

white,  of  eonneeting  tissue,  43 
Eibrillar  eonneeting  tissue, 
siin|)le,  45 

Fibro-cartilage,  white,  50 
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Fibrous  ek'inonls  of  ronnocling 
tissue,  43 
l''l:ip:(!lla,  33 

Foam  tlieory  of  cell  proto])lasm, 
1!) 

Follicles,  l3uuph,  121,  122 
aftmiiialed,  122 
solitary,  122 
I''ollicular  cells,  187 
l'’oruicd  coimectiiig  tissue,  45, 
40 

b'ovea  centralis  of  retina,  220 

Oanglia,  peripheral,  108 
spinal,  108 
synii)alh(‘lic,  10!) 
(danglion-cells,  71.  See  also 
N ervc-cclbt 

flelatinous  connect  ing  ti.ssue,  47 
(icnninal  ei)ithelium  of  ovary, 
180 

Giant-cells,  til 

of  bone-marrow,  80,  91 
Glands,  alveolar,  37 
Bowman 's,  197 
ceruminous,  232 
ciliary,  230 
Cow])er’s,  183 
duodenal,  148 
forms  of,  37 
bemolymph,  123 
lacbrymal,  231 
lymph-,  121 
mainmary,  213 
of  Moll,  230 
olfactoiy,  197 
parotid,  155 
pyloric,  141 
salivary,  153 
sebaceous,  210 
sublingual,  158 
submaxillary,  155 
sw(!at-,  2 1 1 
thyroid,  201 
tubular,  37 
unicellular,  35 

Glandnla  bulbouretbr/dis,  183 
Glisson,  c.'ipsnle  of,  101 
Glomerulus,  107 


I Goblet-cells,  35 
Golgi’s  cells,  72 
Grandry’s  eor]uiscles,  112 
Granules,  eleidin,  30 
kcratohyalin,  30 
pigment,  20 
tigroid,  20 
zymogen,  20,  35 
Ground  lamcllje,  82 

substance  of  connecting  tis- 
sue, 44 


llAiH,  205 
II  air-cel  Is,  230 
Hair-shaft,  200 
Hair-sheatJi,  207 
Hassal’s  corpuscles,  127 
Haversian  canals,  82 
lamella!,  82 
Hearing,  organ  of,  232 
Heart,  114 
muscle,  08 

Hematin,  chlorid  of,  crystals  of, 
57 

Hematoidin  crj'stals,  57 
Hcmin,  57 
Hemoglobin,  57 
Hemolympli  glands,  123 
Henle’s  fibrillar  sheath,  108 
layer,  207 
looji,  108 
Hepatic  vein,  164 
Herbst’s  corpuscles,  113 
Howship’s  lacuna!,  91 
Huxley’s  la3^er,  207 
Hyaline  cartilage,  49 
Hyaloplasm,  19 
Hypo]ili3'sis,  100 


Intkustiti  ATi  lamella',  83 
Intestine,  large,  149 
small,  115 

Intestines,  blood-vcs.scls  of,  151 
lymjihalic  structures  of,  149 
lyin])h-\'css('ls  of,  151 
nerves  of,  151 
Intralobular  vt'in,  101 
i Intramembranous  bone.  89 
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Involuntar}'  muscle,  62 
musculature,  63 
Iris,  219 

blood-vessels  of,  219 
endothelium  of,  219 
layers  of,  219 
muscle  of,  219 
stratum  proprium  of,  219 
Islands  of  Langerhans,  160 


Keratohyalin  granules,  36 
Kidney,  166 

blood-vessels  of,  170 


Labyrinth,  233 
Lachrymal  glands,  231 
Lacume,  bone,  82 
Ilowship’s,  91 
F^amella*,  bone,  82 
ground,  82 
Haversian,  82 
interstitial,  83 

Lamina  choriocapillaris,  218 
propria  of  choroid,  217 
spiralis  membranacca,  234, 
235 

ossea,  234 

Langerhans,  islands  of,  160 
Large  intestine,  149 
Larynx,  197 
Lens,  229 
Leukocytes,  57 

of  loose  connecting  tissue,  46 
Ligaments,  84 
liingual  tonsils,  138 
Idnin,  21 
Liver,  161 
lobules,  161 
stellate  cells  of,  165 
Loose  conii(!cting  tissue,  45 
cells  of,  46 
leukocytes  of,  46 
plasma-cells  of,  46 
Lungs  and  bronchial  branches, 
198 

blood-vessels  of,  200 
lymph-vessels  of,  200 
nerves  of,  201 


Lutein  cells,  189 
Lymph  follicles,  121,  122 
agminated,  122 
solitary,  122 
vascular  system,  114 
Lymphatic  structures  of  intes- 
tines, 149 

Lymph-glands,  121 
Lymphocytes,  57,  58 
Lymphoid  tissue,  53,  120 
Lymph-vessels,  120 

Male  reproductive  organs,  175 
urethra,  183 

Malpighian  corpuscle,  167 
Mammary  glands,  213 
Marrow,  bone-,  84 
red,  61 

Medulla  of  hair,  206 
Medullated  nerve-fibers,  75 
myelin  of,  77 
Meissner’s  plexus,  153 
Membrana  iiropria,  40 
vestibularis,  234 
Membrane,  cell,  20 
nuclear,  21 

Microscopic  anatomy  of  the 
organs  of  the  body,  81 
Microsomes,  19 
Mitosis,  22 
Moll,  glands  of,  230 
Motor  nerve-endings,  109 
Muller’s  fibers  of  retina,  222 
Muscle,  91 
ciliary,  218 
heart,  68 
involuntary,  62 
transversely  striated,  64 
voluntary,  61 

Muscular  system,  organs  of,  91 
tissue,  62 

Musculatun!,  involuntary,  63 
Myelin  of  medullated'  nerve- 
fibers,  77 
Myelocytes,  61 
Myocardium,  114 

I Naii.-bed,  209 
1 Nails,  209 


246 


INDEX. 


Niusiil  cavity,  106 
Nerve,  optic,  227 
Nerve-cells,  71 
form  of,  7 1 
iKUirofihrils  of,  76 
imcleiis  of,  72 
])rotopla.sm  of,  72 
tifiroid  substance  of,  73 
Nerve-(>ii(linss,  11)0 
motor,  ll)i) 
sensory,  100,  1 10 

enca])snlat(‘(l,  1 10,  11 1 
free,  1 10,  1 1 1 
Nerv(!-til)crs,  75 
axis-cylituler  of,  75 
mediillated,  75 
myelin  of,  77 
non-mediillaled,  75 
Nervous  system,  ceidral,  05 
blood-vessels  of,  105 
lympli-vessels  of,  106 
membranes  of,  1 06 
oi'fjans  of,  05 
peri])lieral,  107 
t issue,  70 
Neiiraxis,  72 
Nimrilemniii,  77 
Neurofibrils  of  nerve-(tells,  73 
Neurofrlia,  78 

epimdyma  cells  of,  70 
spider  cells  of,  70 
Neuromuscular  sjiindles,  02 
Neurones,  71 
Neuroplasm,  75 
Neurotendinous  S]iindles,  05 
Nissl’s  bodies,  73 
Nodes  of  Hanvier,  76 
Non-medullat(!d  nerve-fibers,  75 
Niudear  membrane,  21 
sap,  22 
Nucl(^f)li,  21 

Nucleus  of  nerve-(H?lls,  72 


OnoNTont.ASTS,  131,  135 
Olfactory  cells,  238 
fllands,  107 
( )p(  ic  nervf',  227 
Ora  scrrala,  221,  225 
Oral  cavity,  120 


Organ  of  Corti,  235 
Osseous  tissue,  81 
Osteoblasts,  87 
Osteoclasts,  86,  01 
Otoliths,  233 
Ovary,  185 
Oviduct,  101 


Panchkah,  158 
Pancth’s  cells,  bl6 
Par;ir(dicular  cells,  223 
Parietal  cells,  143 
Parotid  gland,  155 
Penis,  185 

Pia-icliondral  bone,  85,  87 
P(!rimysium,  0 1 
P('rineurium,  107 
P(U-iost-eum,  84 
PeripluM-al  ganglia,  108 
nerves,  1()7 
nervous  system,  107 
Peyer’s  patches,  140 
Pfliiger,  egg  tubes  of,  187 
Pharyngeal  tonsils,  130 
Pharynx  and  tongue,  adenoid 
structures  f)f,  138 
Pigment  granules,  20 
Pigmented  connective  tissue, 
52 

Pillar  cells,  235 
Pineal  gland,  107 
I’lasma,  blood,  55 
Pl:isma-c(41s  of  loose  connecting 
tissue,  46 
Plasmo(lia,  22 
Platelets,  blond,  61 
I’ortal  vein,  162 
Proliferation  of  cells,  22 
Prostate,  183 
Proslatic  concretions,  183 
Protoidasm,  18 
cell  theory  of,  10 
I of  ner\’c-c(4ls,  72 
struct uri'  of,  1!) 

Purkini('’s  cells  of  cereb(4lar 
cortex,  tot 
Pyloric  glands,  114 
Pyramidal  cell  of  cerebral  cortex, 
103 
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Raxvier,  nodes  of,  76 
Red  blootl-corpuscles,  55 
bone-marrow,  61 
Reissner’s  membrane,  234 
Reproductive  organs,  female, 
185 

male,  175 

Respiratory  organs,  196 
Reticular  cartilage,  49 
fibers  of  connecting  tissue,  43 
Retina,  221 
fovea  centralis  of,  226 
layers  of,  221 
Muller’s  fibers  of,  222 
optic  papilla  of,  227 
ora  serrata  of,  221,  225 
Riolani,  ciliary  muscle  of,  231 
Rod  visual  cells,  223 
Root-sheath  of  hair,  207 
Rouleaux,  55 


Sac'cclls,  233 
Salivary  ducts,  155 
glands,  153 
Sarcoplasm,  66 
Schwann,  sheath  of,  77 
Sclera,  215,  216 

blood-vessels  of,  216 
nerves  of,  217 
Sebaceous  glands,  210 
Secretion  capillaries,  36 
Semicircular  canals,  233 
Seminal  passages,  efi'erent,  ISO 
vesiclf!,  182 

Sense  organs,  sjieeial,  214 
Sensory  nerv(!-endings,  109,  110 
enea|)sulaled,  110,  111 
free,  110,  111 
Sertoli’s  cells,  177 
Sharpey’s  fibers,  84 
Sheath  of  Schwann,  77 
Simijle  epithelium,  30.  See  also 
Epitlicliinn 

fibrill  ar  connect i tig  tissue,  1 5 
Skeletal  system,  81 
Skin,  201 

epidermal  .structures  of,  205 
glands  of,  210 
nerves  of,  212 


Small  intestine,  145 
Smell,  organ  of,  238 
Special  sense  organs,  214 
Spermatids,  177,  179 

development  of,  into  sperma- 
tosomes,  177 
Spermatoblast,  177 
Spermatocytes,  177,  179 
Spermatogones,  179 
Spermatosomes,  176 

development  of,  from  sperma- 
tids, 177 

Sphincter  muscle  of  pupil,  219 
Spider  cells  of  neuroglia,  79 
Spinal  cord,  95 
ganglia,  108 
Spleen,  124 
Spongioblasts,  223 
Squamous  epithelium,  20,  31 
Stellate  cells  of  liver,  165 
Stomach,  143 

blood-vessels  of,  151 
lym]ih-vesscls  of,  151 
nerves  of,  151 

Stratified  cilitded  epithelium,  31 
columnar  e])it  helium,  31 
pavement  epithelium,  31 
Stratum  corncum,  202 
germinativum,  203 
granulosum,  203 
lucidum,  203 
S])inosum,  203 
Sublingual  gland,  158 
Submaxillary  gland,  155 
Suprarenals,  HIS 
Sweat-glands,  211 
Sympathotie  ganglia,  109 
Syncitia,  22 
Systein  of  ducts,  38 


'Pactimo  meniscus.  111 
Taste,  organ  of,  238 
'I'jiste-buds,  238 
'I'eeth,  130 
audilory,  235 
d'ela  subeulanea,  203 
d’endon  cells,  93 
I Tendons,  93 
I Testis,  175 
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Testis,  bloo<l-vcssels  of,  180 
nerves  of,  180 
Tliyinus,  12(5 
Tliyroid  gland,  201 
Tigroid  grannies,  20 
snljslance,  73 
'I'issnc,  28 
adenoid,  r)3 
adipose,  f51 
l)one,  81 

earlilaginous,  48 
eonnectivc,  40 
cells  of.  4 1 
eliistie  libers  of,  43 
fibrous  elements  of,  43 
ground  substance  of,  44 
lymph-vessels  of,  .53 
rctienlar  libers  of,  43 
sim))le  fibrillar,  45 
wliitc  libers  of,  43 
elastic,  47 
c])ithelial,  20 
formed  connecting,  45,  4(5 
gelatinous  connecting,  47 
loose  connecting,  45 
cells  of,  40 
leukocytes  of,  46 
idasma-cells  of,  46 
Ijmiphoid,  53 
muscle,  02 
nervous,  70 
osseous,  81 

pigmented  connective,  52 
Tomes’  granular  layer,  132 
Tongue,  130 

and  pharynx,  adenoid  struc- 
tures of,  138 
blood-vessels  of,  140 
ljuriph-vessels  of,  140 
nerves  of,  141 
Tonsillar  crypt,  138 
Tonsils,  lingu.al,  138 
pharyngeal,  130 
Tooth  pulp,  130 

Trabecula;  of  lymph-glands,  121 


Trachea,  108 

Transitional  epithelium,  32 
Tubular  glands,  37 
Tunica  externa  of  eye,  215 
interna  of  eye,  221 
media  bulbi  of  ej'e,  217 
Tympanic  membrane,  233 

llNicELiATLAn  glands,  35 
Ureter,  173 
Urethra,  female,  174 
male,  183 

Urinary  organs,  166 
jmssagea,  efferent,  173 
Uriniferous  tubules,  167 
Uterus,  101 
Utriculus,  233 


Vagina,  103 
Vas  deferens,  181 
Vascular  system,  lymph,  114 
Vater-Pacinian  corpuscles,  112 
Veins,  118 
hepatic,  164 
intralobular,  164 
portal,  162 
Vision,  organ  of,  214 
Visual  cells,  cone,  224 
rod,  223 

Vitreous  body,  228 
Volkmann’s  canals,  83 
Voluntary  muscle,  64 

White  blood-cor]iusclcs,  57 
fibers  of  connecting  tissue,  43 
fibro-cartilagc,  50 


Yolk-nucleus,  180 

Zonula  ciliaris,  228 
Zymogen  granules,  20,  35 
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Rhinology,  Laryngology,  and  Diseases  of  Chest,  Chicago.  219  pages,  illus- 
trated. Cloth,  5s.  net. 
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Medieal  College,  Philadelphia  ; Surgeon  to  the  Philadelphia  Hospital,  etc. 
Handsome  octavo  volume  of  1117  pages,  profusely  illustrated.  Cloth,  21s. 
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DE  .Sen WKiNi  rz,  M.  li)..  Professor  of  Ophthalmology,  Jefferson  Medical 
College,  Philadelphia,  etc.  Handsome  royal  octavo  volume  of  696  pages  ; 
256  line  illustrations  and  2 chronio-lithographic  plates.  Cloth,  17s.  net. 

BORLAND’S  DICTIONARIES. 

[See  The  llliisirated  Medical  Dic/iovary  and  The  Pocket 
Medical  Dictionary  on  page  3.] 

BORLAND’S  OBSTETRICS.  Second  Edition,  Revised  and 
Greatly  Enlarged. 

Modern  Obstetrics.  Ry  W.  A.  Nevvman  Dorland,  M.  D.,  Assistant 
Demonstrator  of  Obstetrics,  University  of  Pennsylvania;  Associate  in  Gyne- 
cology, Philadelphia  Polyclinic.  Octavo  volume  of  797  pages,  with  201 
illustrations.  Cloth,  17s.  net. 


EICHHORST’S  PRACTICE  OF  MEDICINE. 

A Text-Rook  of  the  Practice  of  Medicine.  Ry  Dr.  HERMANN 
IIURST,  Professor  of  Special  Pathology  and  Therapeutics  and  Diree  01  ol 
tliu  Metlical  Clinic,  University  of /urich.  'rranslaletl  an(i  edued  by  .■  J’ 
rus  A.  I'lsHNER,  M.  D.,  Professor  of  Clinieal  Medicine,  1 hiladel|)hia  o \- 
clinic.  Two  royal  octavo  volumes,  600  pages  each,  150  illustrations.  er 
set : Cloth,  26s.  net. 


EYRE’S  BACTERIOLOGIC  TECMNIOUE. 

R.acteriologie  Teehni<|ue.  A Laboratory  Guide  for  the  Medieid  Dental, 
and  Tech, Cal  Student.  Ry  |.  W.  H.  P.vRE,  M.  D.,  K.  S.  Ldin  Lec- 
turer on  Racteriology  and  |oint  Lecturer  on  Praelieal  I nbhe  Ilealtli, 
Charing  fiross  Hospital  Medieal  School;  Raeteriologist  to  thanngt  loss 
and  to  St.  Mary's  Hospital  for  Sick  Children,  Plaistow.  Hand.some  octavo 
of  350  pages,  with  150  illustrations. 
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FRIEDRICH  AND  CURTIS  ON  THE  NOSE,  THROAT,  AND 
EAR. 

Rhinology,  Laryngology,  and  Otology,  and  their  Significance  in  General 
Medicine!  By  Dr.  E.  P.  Friedrich,  of  Leipzig.  Edited  by  H.  Holbrook 
Curtis,  M.  D.,  Consulting  Surgeon  to  the  New  York  Nose  and  Throat  Hos- 
pital. Octavo,  348  pages.  Cloth,  los.  net. 

FROTHINQHAM’S  GUIDE  FOR  THE  BACTERIOLOGIST. 

Laboratory  Guide  for  the  Bacteriologist.  By  Langdon  Frothingham, 
M.  D.  V.,  Assistant  in  Bacteriology  and  Veterinary  Science,  Sheffield  Scien 
tific  School,  Yale  University.  Illustrated.  Cloth,  3s.  net. 

GALBRAITH  ON  THE  FOUR  EPOCHS  OF  WOMAN’S  LIFE. 

The  F’our  Epochs  of  Woman's  Life.  A Study  in  Hygiene.  By  ANNA  M. 
Galbr.aitm,  M.  D.,  Author  of"  Hygiene  and  Physical  Culture  for  Women"  ; 
Fellow  of  the  New  York  Academy  of  Medicine,  etc.  With  an  Introductory 
Note  by  |oH\  H.  Musser,  M.  D.,  Professor  of  Clinical  Medicine,  University 
of  Pennsylvania.  lamo  volume  of  200  pages.  Cloth,  5s.  net. 

QARRIGUES’  DISEASES  OF  WOMEN.  Third  Edition,  Re- 
vised. 

Diseases  of  Women.  By  Henry  J.  Garrigues,  A.  M.,  M.  D.,  Gynecolo- 
gist to  St.  Mark's  Hospital  and  to  the  German  Dispensary,  New  York  City. 
Octavo,  756  pages,  with  367  engravings  and  colored  plates.  Cloth,  i8s.  net. 

GOULD  AND  PYLE’S  CURIOSITIES  OF  MEDICINE. 

Anomalies  and  Curiosities  of  Medicine.  By  George  M.  Gould,  M.  D., 
and  W/l.TER  L.  PYI.E,  M.  D.  An  encyclopedic  collection  of  rare  and  ex- 
traordin..'^’  cases  and  of  the  most  striking  instances  of  abnormality  in  all 
branches  of  Medicine  and  Surgery,  derived  from  an  exhaustive  research  of 
medical  literature  from  its  origin  to  the  pre.sent  day,  abstracted,  ckassified, 
annotated,  and  indexed.  Handsome  octavo  volume  of  g68  pages  ; 295  en- 
gravings and  12  full-page  plates.  Popular  Edition.  Cloth,  i6s.  net. 


GORHAM’S  BACTERIOLOGY. 

A Laboratory  Course  in  Bacteriology.  For  the  Use  of  Medical,  Agricul- 
tural, and  Industrial  Students.  By  F.  P.  Gorham,  M , A.,  Assistant  Pro- 
fessor in  Biology,  Brown  University.  lamo  volutne  of  tibotit  160  pages, 
fully  illustrated.  Cloth,  js.  net. 

GRADLE  ON  THE  NOSE,  THROAT,  AND  EAR. 

Disea.ses  of  the  Nose,  'I'hroat,  .and  Ear.  By  IlENRY  GrADI.E,  M.  D.,  Pro- 
fessor of  Ophthalmology  atid  Otology,  Northwestern  University  , Medical 
School,  Chicago.  Octavo,  547  ptiges,  illustrateil,  including  2 full-page 
colored  plates.  Cloth,  15s.  net. 
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MEDICAL  rUBLICATIONS 


QRAFSTROM’S  MECH ANO-THERAPY. 

A 'IVxl-Book  of  Mi'clmno-Tliurapy  (Massage  and  Medical  Gymnastics). 
Hy  ;\.\ICI.  V.  UkAKSTKoM,  H.  Sc.,  M.D.,  late  House  Physician,  City  Hos- 
|)ilal,  lilackwell's  Island,  N.  Y.  i2ino,  139  pages,  illustrated.  Cloth, 5s.  net. 

(jRANT’S  SURGICAL  DISEASES  OF  THE  FACE,  MOUTH, 
AND  JAWS.  For  Dental  Students. 

A Te.xt-Hook  of  Surgical  Pathology  and  Surgical  Diseases  of  the  Pace, 
Mouth,  and  jaws,  h'or  Dental  Students.  Hy  II.  Horace  Grant,  A.  M., 
M.D.,  Profi-ssor  of  Surgical  Pathology  ;ind  Oral  Surgery,  Louisville  Col- 
lege of  Dentistry;  Professor  of  .Surgery  and  Clinical  Sttrgery,  Hospital 
College  of  Medicine,  Louisville,  Ky.  Octavo  volume  of  215  pages,  with 
60  ilhistr.itions. 

GRIFFITH  ON  THE  BABY.  Second  Edition,  Revised. 

The  Care  of  the  Baby.  By  J.  P.  Cro/.I'.R  Grieeith,  M.  D.,  Clinical  Pro- 
fessor of  Diseases  of  Children,  University  of  Pennsylvania;  I’hysician  to  the 
Children's  Hospit.il,  Philadel])hia,  etc.  121110,  .|o.j  pages,  67  illustrations 
and  5 plates.  Cloth,  Os.  net. 

GRIFFITH’S  WEIGHT  CHART. 

Infant's  Weight  Chart.  Designed  by  J.  P.  Crozer  Griffith,  M.  D., 
Clinical  Professor  of  Diseases  of  Children,  University  of  Pennsylvania.  25 
charts  in  etich  pad.  Per  pad,  2S.  net. 

HAYNES’  ANATOMY. 

A Manual  of  Anatomy.  By  iRVING  S.  IlAYNES,  M.  D.,  Professor  of  Pr.ac- 
tical  Anatomy  in  (Jornell  University  Medical  College.  680  pages;  42  dia- 
grams and  134  full-page  half-tone  illustrations  from  original  photographs  of 
the  author's  dissections.  Cloth,  los.  net. 

HEISLER’S  EMBRYOLOGY.  Second  Edition,  Revised. 

A Text-Book  of  Kmbryology.  By  John  C.  Heisi.F.R,  M.  D.,  Professor  of 
Anatomy,  Medico-Chirurgical  College,  Philadelphia.  Octavo  volume  of 
405  pages,  handsomely  illustrated.  Cloth,  10s.  6d.  net. 

HIRST’S  OBSTETRICS.  Second  Edition,  Revised  and  Enlarged. 

A Text-Book  of  Obstetrics.  By  BARTON  CoOKE  HIRST,  M.  D.,  Professor 
of  Obstetrics,  University  of  Pennsylvania.  Handsome  octavo  volume  of 
873  pages,  704  illustrations,  36  of  them  in  colors.  Cloth,  21s.  net. 

**  'Fhe  popularity  of  American  text-l>ooks  in  tins  country  is  one  of  the  features  of  recent 
years.  This  popularity  is  probably  chielly  due  to  tiik  ghkat  suritKioRirv  ol  their  illus- 
trations over  those  of  Knglish  text-books.  'The  illustrations  in  Dr.  Hirst’s  volume  ark  far 
morf:  num kkous,  and  far  m-vi  TF.R  kxhcutki),  and  therefore  more  insi  riu  tivk,  than  those 
commonly  to  be  fouml  in  the  works  of  writers  on  obstetrics  in  our  own  country.  On  most 
subjects  l)r.  Hirst  displays  an  almost  encyclopedic  knowlciljje,  enU»rced  by  copious  refer- 
ences to  literature.'’ — Jif  iiixh  Medical  Journal. 

HYDE&  MONTGOMERY  ON  SYPHILIS  AND  THE  VENEREAL 
DISEASES.  2d  Edition,  Revised  and  Greatly  Enlarged. 

Syphilis  and  the  Venereal  Di.seases.  By  JAMES  NeviNS  HVDE,  M.  D.,  Pro- 
fessor of  Skin,  Gi'iiilo-Urinary,  and  Venereal  Di.seases,  and  i RANK  H. 
Ml  iN’ti  a >M  ER  V,  Ml).,  Assoeiale  Professor  of  .Skin,  Genito-Urinary,  and 
Venereal  Diseases  in  Rush  Medical  College,  Chicago,  III.  Octavo,  594 
pages,  profusely  illuslraled.  ('loth,  17s.  net. 
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INTERNATIONAL  TEXT-BOOK  OF  SURGERY.  Two  Volumes. 

By  British  and  American  Authors.  Edited  by  A.  Fh-'-ARCK  GoULD,  M.S., 
F.  R.  C.  S.,  Lecturer  on  Practical  Surgery  and  Teacher  of  Operative  Sur- 
gery, Midtllesex  Hospital  Medical  School,  London,  Eng.;  and  |.  Collins 
Warren.  M.  D.,  LL.D.,  I"'.  R.  C.  S.  ( Hon.),  Professoi' of  Surgery,  Harvard 
Medical  School,  Boston.  Vol.  I.  General  Surgery.  Handsome  octavo,  947 
pages,  with  458  beautiful  illustrations  and  9 lithographic  plates.  Vol.  II. 
Special  or  Regional  Surgery. — Handsome  octavo,  1072  pages,  with  471 
beautiful  illustrations  and  8 lithographic  plates.  Per  vol.  : Cloth,  21s,  net. 

**  It  is  the  most  valuable  work  on  the  subject  that  has  appeared  in  some  years.  The 
clinician  and  the  pathologist  have  joined  hands  in  its  production,  and  the  result  must  be  a 
satisfaction  to  the  editors  as  it  is  a gratification  to  the  conscientious  reader." — Annals  0/ 
Surgery. 

**  This  is  a work  which  comes  to  us  on  its  own  intrinsic  merits.  Of  the  latter  it  has 
very  many.  The  arrangement  of  subjects  is  excellent,  and  their  treatment  by  the  difTerent 
authors  is  equally  so.  What  is  especially'  to  be  recommended  is  the  painstaking  endeavor 
of  each  writer  to  make  his  subject  clear  and  to  the  point,  'J  o this  end  particularly  is  the 
technique  of  operations  lucidly  described  in  all  necessary  detail.  And  withal  the  work  is  up 
to  date  in  a very  remarkable  degree,  many  of  the  latest  operations  in  the  different  regional 
parts  of  the  body  being  given  in  full  details.  There  is  not  a chapter  in  the  W’ork  from  which 
the  reader  may  not  learn  something  new." — Medical  Record,  New  York. 

JACKSON’S  DISEASES  OF  THE  EYE. 

A Manual  of  Diseases  of  the  Eye.  By  Edward  Jackson,  A.M.,  M.  D., 
Emeritus  Professor  of  Diseases  of  the  Eye,  Philadelphia  Polyclinic  and  Col- 
lege for  Graduates  in  Medicine.  lamo,  volume  of  535  pages,  with  178  illus- 
trations, mostly  from  drawings  by  the  author.  Cloth,  10s.  6d.  net. 

JELLIFFE  AND  DIEKMAN’S  CHEMISTRY. 

..\  '|■|•xt-Hook  of  Chemistry.  P,y  S.\tri  it  El.v  j Kl.UKFE,  M.  D.,  Pit.  D,, 
Professor  of  Pharmacology,  College  of  Pharmacy,  New  York  ; and  Georck 
C.  Diekman,  Pll.fj.,  M.  D.,  Professor  of  Theoretical  and  Applied  Pliar- 
m.acy.  College  of  Pharmacy,  New  York.  Octavo,  550  pages,  illustrated. 
Heady  Shor/ty. 

KEATING’S  LIFE  INSURANCE. 

How  to  Examine  for  Life  Insurance.  By  John  Nf.  Kf.atinc,  M.  D.,  Fellow 
of  the  College  of  Physicians  of  Philadelphia;  Ex-President  of  the  Association 
of  Life  Insurance  Medical  Directors.  Royal  octavo,  21 1 [lages.  With 
numerous  illustrations.  Cloth,  8s.  net. 

KEEN  ON  THE  SURGERY  OF  TYPHOID  FEVER. 

The  Surgical  Complications  and  Sef|ucls  of  Typhoid  Fever.  By  W'm.  W. 
Keen,  M.D.,  LE.I)..  F,  R.  C.  S.  (Hon.),  Professor  of  tin;  Principles  of  Sur- 
gery and  of  Clinical  .Surgery,  Jefferson  Medical  Colli^ge,  Philadelphia,  etc. 
Octavo  volume  of  386  pages,  illustrated.  Cloth,  t2s.  6d.  net. 

KEEN’S  OPERATION  BLANK.  Second  Edition,  Revised  Form, 

An  Operation  Blank,  with  Lists  of  Instruments,  etc.  Retpiired  in  Various 
Operations.  Prepared  by  W.  VV.  KEEN,  M.D.,  LL.I).,  F.  R.  C.  S.  ( I Ion.), 
Professor  of  the  Princi|)les  of  Surgery  and  of  Clinical  Surgery,  [efferson 
Medical  College,  Philadelphia,  Pi  ice  per  pad,  of  50  blanks,  2s.  net. 
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MEDICAL  PUBLICA  TIOA'S 


KYLE  ON  THE  NOSE  AND  THROAT.  Second  Edition. 

Diseases  of  the  Nose  and  Throat.  By  D.  Braden  Kyle,  M.D  Clinical 
IVofessor  of  Laryngology  and  Rhinology,  Jefferson  Medical  College,  Phila- 
delphia. Octavo,  646  p.ages  ; 175  illustrations,  23  of  them  in  colors  Cloth 
17s.  net. 

LAINlfe’S  TEMPERATURE  CHART. 

Temperature  Chart.  Prep.ared  by  D.  T.  LainTc,  M.  D.  Size  8 x 13K 
inches.  A conveniently  arranged  Chart  for  recording  Temperature,  with 
columns  for  daily  amounts  of  Urinary  .and  Fecal  Excretions,  Food,  Re- 
marks, etc.  On  the  back  of  each  chart  is  given  the  Brand  treatment  ol 
Typhoid  Fever.  Price,  per  pad  of  25  charts,  2S.  net. 

LEVY,  KLEMPERER,  AND  ESHNER’S  CLINICAL  BACTERI- 
OLOGY. 

The  F^lemcnts  of  Clinical  Bacteriology.  By  Dr.  Ernst  Levy,  Professor 
in  the  University  of  Str.asburg,  and  Dr.  Felix  Klemperer,  Privatdocent 
in  the  University  of  .Stra.sburg.  'Translated  and  edited  by  AUGUSTUS  A. 
F'suner,  M.  1).,  Professor  of  Clinical  Medicine,  Philadelphia  Polyclinic. 
Octavo,  440  pages,  fully  illustrated.  Cloth,  12s.  net. 

LOCKWOOD’S  PRACTICE  OF  MEDICINE.  Second  Edition, 
Revised  and  Enlarj^ed. 

A Manual  of  the  Practice  of  Medicine.  By  George  Roe  Lockwood, 
M.  1).,  Attending  Physician  to  Bellevue  Hospital,  New  York  City.  Octavo, 
847  piiyL'S,  illustrated.  Cloth,  17s.  net. 

LONG’S  SYLLABUS  OF  GYNECOLOGY. 

A Syllabus  of  Gynecology,  arranged  in  Conformity  with  " A Text-Rook  of 
Gynecology.”  By  [.  W.  Long,  M.  D.,  Professor  of  Diseases  of  Women 
and  Children,  Medical  College  of  Virginia,  etc.  Cloth,  interleaved,  4s. 
net. 

MACDONALD’S  SURGICAL  DIAGNOSIS  AND  TREATMENT. 

Surgical  Diagnosis  and  Treatment.  By  ].  W.  Macdonai.D,  M.D.  Edin., 
F.  R.C..S.  Edin.,  Professor  of  Practice  of  Surgery  and  Clinical  Surgery, 
Hamline  University.  Handsome  oct.avo,  800  p.ages,  fully  illustrated.  Cloth, 
21S.  net. 

MALLORY  AND  WRIGHT’S  PATHOLOGICAL  TECHNIQUE. 
Second  Edition,  Revised  and  Enlarged. 

Pathological  Tcehni(|ue.  .\  Practical  Mnnti.al  for  T.aboratory  Work  in 
Pathology,  Bacteriology,  and  Morbid  Anatomy,  with  chapters  on  Post 
mortem  Technitpie  and  the  Performance  of  Autopsies.  By  I’RANK  B. 
Mai.i.oky,  a.  M.,  M.D,,  Assist.ant  Professor  of  Pathology;  and  |aME.s 
II.  Wkigii  t,  a.  M.,  M.  I).,  Instructor  in  Pathology,  Harvard  University 
Medical  School.  Octavo,  432  pages.  Cloth,  13s.  net. 

In  rcvisiiiK  the  bonk  for  the  new  edition  llic  niilliors  have  kepi  in  view  the  needs  of  the 
laboratory  worker,  wbeibitr  .slndiail,  praelilioner,  or  pallioloKisI,  for  a praelieal  inannal  of 
bisloloKiial  and  bar  teriolofrical  nielbods  in  the  study  of  patlioloftical  tnateritil.  Many 
parts  b.'ivt;  been  rewritten,  many  new  inetbods  btive  betai  added,  anti  the  miinbcr  of 
illnstrtitiiins  btis  been  eonsiibrrtibly  iticreased.  The  new  edition  of  this  valtitilile  work 
keeps  pare  with  the  ^reat  advtitiees  made  in  |)atboloKy,  anil  will  contintie  to  be  a most 
tisefnl  lalmratory  ami  post-tnortmn  (jnlhe,  full  of  practical  inlormnlioti. 
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MCCLELLAN’S  ANATOMY  IN  ITS  RELATION  TO  ART. 

Anatomy  in  its  Relation  to  Art.  An  Exposition  of  the  Bones  and  Muscles 
of  the  Human  Body,  with  Reference  to  their  Influence  upon  its  Actions  and 
External  Form.  By  Geokgk  McClellan,  M.  D.,  Professor  of  Anatomy, 
I’ennsylvania  Academy  of  Fine  Arts.  Handsome  quarto  volume,  9 by  ii^ 
inches.  Illustrated  with  338  original  drawings  and  photographs;  260  pages 
of  text.  Dark  Blue  Velhttn,  42s.  net. 

MCCLELLAN’S  REGIONAL  ANATOMY,  4th  Edition,  Revised. 

Regional  .Anatomy  in  its  Relations  to  Medicine  and  Surgery.  By  GeukcE 
McCl.EI.LAN,  M.  I)..  Professor  of  Anatomy,  Pennsylvania  Academy  of  Fine 
.Arts.  Two  handsome  tpiarto  volumes,  884  [)ages  of  text,  and  97  fulLpage 
chromolithographic  plates,  reproducing  the  author’s  original  dissections. 
Cloth.  60s  net. 

McFARLAND’S  pathogenic  BACTERIA.  Third  Edition, 
increased  in  size  by  over  100  Pages. 

Text-Book  upon  the  Pathogenic  Bacteria.  By  Joseph  McFarland, 
M.D..  Professor  of  Pathology  and  Bacteriology,  Aledico-Chirurgical  Col- 
lege of  Philadelphia,  etc.  Octavo  volume  of  621  pages,  finely  illustrated. 
Cloth,  13s.  net. 


MEIGS  ON  FEEDING  IN  INFANCY. 

Feeding  in  ICarly  Infancy.  By  Arthur  V.  Meics,  M.  D. 
cloth,  flush  edges,  is.  net. 


Bound  in  limp 


MOORE’S  ORTHOPEDIC  SURGERY. 

•A  Manual  of  OrtlKtpedie  Surgery.  By  JAME.S  E,.  Moore,  M.  D.,  Professor 
Clinical  Surgery.  1 Iniversity  of  Minnesota,  College  of 
Me.hcine  and  Surgery.  Octavo  volume  of  356  pages,  handsomely  illus- 
trated. Cloth.  los.  6d.  net.  ^ 

nancrede’S  principles  of  surgery. 

Eectur<-.s  on  the  Principles  of  Surgery.  By  Ciiaki.es  B.  Nancrf.df.  M D 
EL.  1 ,.  I rofessor  of  Surgery  and  of  Clinical  Surgery,  University  of'  MichF 
can.  Ann  .Arbor  Octavo,  398  pages,  illustrated.  ■ - ' 


gan,  Ann  .Arbor. 

NORRIS’S  SYLLABUS 
Revised. 


Cloth,  los.  6d.  net. 


OF  OBSTETRICS.  Third  Edition, 


2«te.nes  and  Lecturer  on  Clinical  and  f ; ve 

of  Unnsylvama.  Crown  octavo,  222  pages.  Cloth,  interleave,!  for  notes^ 


OGDEN  ON  THE  URINE 

'/;;r 


12 


MKJ)1CA  L PUBL ICA  TICKS 


PENROSE’S  DISEASES  OF  WOMEN.  Third  Edition,  Revised. 

A rext-Iiook  of  Diseases  of  Women.  By  CHARLKS  B.  I’iCNROSE,  M.  D., 
I’ll.  I),,  formerly  Professor  of  (lynecology  in  tlie  University  of  I’ennsylvania. 
Octavo  volume  of  539  jiages,  with  221  illustrations.  Cloth,  i6s.  net. 

“ 1 shall  v.'iliic  very  highly  the  copy  of  I’enrose’s  ” Diseases  of  Women”  received.  I 
have  already  recommended  it  to  my  class  as  the  best  hook.” — HowAKU  A.  Kelly,  Pro- 
fessor of  < fynecolo^-y,  Johns  Hopkins  University ^ Raitimore,  lf<i. 

PYLE’S  PERSONAL  HYGIENE. 

A Manual  of  Personal  Ilygiene.  Proper  laving  tipon  a Physiologic  Basis. 
K.ilited  liy  Wai.IT.r  U.  Pvi.k,  M.  1)..  Assistant  Surgeon  to  Wills  iiye  Hos- 
pital. Phila.  Oeliivo,  34.^  pages,  fully  illustrated.  Cloth,  6s.  net. 

RAYMOND’S  PHYSIOLOGY.  Second  Edition,  Revised  and 
(ireatly  Enlarged. 

A Text-Book  of  Physiology.  By  Jo.sf.ph  II.  Raymond,  A.M.,  M.  D.,  Pro- 
fessor of  Physiology  and  Hygiene  in  the  Long  Island  College  Hospital. 
Handsome  octavo,  668  pages,  443  illustrations.  Cloth,  15s.  net. 

ROBSON  AND  MOYNIHAN’S  DISEASES  OF  THE  PANCREAS. 

I )ise;ises  of  the  Pancreas.  By  .\.  W.  Mayo  koli.soN,  F.  R.  C.  S.,  Leeds, 
Siaiior  Surgeon  to  Leeds  (ieneral  Inlirniary  ; F.meritus  Professor  of  Surgery, 
^'orkshire  College  of  Victoria  University;  and  B.U.  A.  Moynihan,  M.  B., 
I’.  R.  (J.  S.,  Assistant  .Surgeon  Leeds  (Ieneral  Infirmary;  Demonstrator  of 
Analomy,  Yorkshire  College.  Handsome  octiivo  of  300  pages,  illustrated. 

SALINGER  AND  KALTEYER’S  MODERN  MEDICINE. 

.Modern  Medicine.  By  Itll.llts  L.  Sai. INCUR,  M.  D.,  Professor  of  Clin- 
ical Medicine,  |efferson  Medical  College;  and  F.  |.  Kai.TEVER,  M.  D., 
Assisliint  in  Clinical  Medicine,  Jefferson  Medical  College.  Handsome 
octavo,  801  pages,  illustrated.  Cloth,  17s.  net. 

This  is  a work  for  students  and  practitioners  in  which  internal  medicine  is  considered 
in  relation  to  etiolojry,  symptomatology,  pathology,  diagnosis,  and  treatment,  especial 
prominence  being  given  to  practical  methods  in  the  examination  of  blood,  sputum,  gastric 
secretions,  and  urine,  and  to  methods  of  physical  diagnttsis.  'J’he  study  of  clinical  medi- 
cine to-day  embraces  these  special  subjects,  and  it  has  been  thought  well  to  combine  the 
essentials  of  these  br.'ittchcs  itt  .a  work  on  practical  mediciite.  Another  featttre  of  the  book 
is  the  large  ntimber  of  di.agnoslic  tables,  which  will  be  of  the  tittnost  vaitte  to  both  students 
aitd  practitioners.  The  matter  represettts  the  very  latest  approved  knowledge  itt  the 
varioits  ilcpartments,  the  tiewest  works  in  Knglish,  French,  and  (llertnan  having  been  con- 
sulted through  the  preparation  of  the  book. 

SAUNDERS’  MEDICAL  H AND-ATLASES.  See  pages  17.  18, 
and  19. 

SAUNDERS’  POCKET  MEDICAL  FORMULARY.  Sixth  Edi- 
tion, Revised. 

By  Wll.i.IAM  M.  PoWKi.I.,  M.  D.,  nullior  of  "Essentials  of  Di.scases  of 
( 'hildrcn  ” ; Member  of  Philadelphia  Pathological  Society.  Containing  1844 
formiihe  from  the  best-known  attihorities.  With  an  Appendix  contaiiiing 
Posologicttl  d'nble,  Formtibu  tind  Doses  for  Hyitodcrmic  MediettUon, 
Poisons  anil  their  Antidotes,  Diameters  of  the  hetttale  Pelvis  and  I'ctal 
Head,  Obstetrical  Table,  Diet  List  for  Various  Dise.ases.  Materials  and 
Drugs  tised  in  Antiseptic  Surgery,  Treatment  of  Asithyxia  from  Drowning, 
.Surgical  Remembrancer,  Tables  of  Incompatibles,  l'>tiplivc  Fevers,  etc., 
etc.  Hounil  in  flexible  moroceo.  with  siile  index,  wallet,  and  lla|>.  9s.  net. 
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SAUNDERS’  QUESTION=COMPENDS.  See  pages  15  and  16. 

SCUDDER’S  FRACTURES.  Third  Edition,  Revised. 

The  Treatment  of  Fractures.  By  Chas  L.  Scudder,  M.  D.,  Assistant  in 
Clinical  and  Operative  Surgery,  Harvard  University  Medical  School.  Oc- 
tavo, 433  pages,  with  nearly  600  original  illustrations.  Polished  Buckram. 


SENN’S  GENITO=URINARY  TUBERCULOSIS. 

Tuberculosis  of  the  Genito-Urinary  Organs,  Male  and  Female.  By  Nich- 
olas Senn,  M.  D.,  Ph.  D.,  LL.D.,  Professor  of  Surgery,  Rush  Medical 
College,  Chicago.  Handsome  octavo  volume  of  320  pages,  illustrated. 
Cloth,  I2S.  net. 

SENN’S  PRACTICAL  SURGERY. 

Practical  Surgery.  By  Nicholas  Se.nn,  M.  D.,  Ph.  D.,  LL.D., Professor 
of  Surgery,  Rush  Medical  College,  Chicago.  Handsome  octavo  volume  of 
1133  pages,  650  illustrations.  Cloth,  26s.  net. 

SENN’S  SYLLABUS  OF  SURGERY. 

.\  Syllabus  of  Lectures  on  the  Practice  of  Surgery,  arranged  in  conformity 
with  Text-Book  of  Surgery."  By  Nicholas  Senn,  M.  D.,  Ph.  D., 
LL.D.,  Professor  of  Surgery,  Rush  Medical  College,  Chicago.  Cloth,  6s.  net. 


SENN’S  TUMORS.  Second  Edition,  Revised. 

Pathology  and  Surgical  Treatment  of  Tumors.  By  NicHCiLAS  Senn,  M.  D., 
Ph.  D.,  I.L.D.,  Professor  of  Surgery,  Rush  Medical  College,  Chicago. 
Octavo  volume  of  718  p ig^'S,  with  478  illustrations,  including  12  full-page 
plates  in  colors.  Cloth,  21s.  net. 

SOLLMANN’S  PHARMACOLOGY. 

■A  Text-Book  of  Pharmacology,  Including  'Therapeutics,  Materia  Medica, 
Pharmacy,  Prescription  Writing,  'Toxicology,  etc.  Bv  'Torald  Soi.l- 
MA.nn,  -M.  D.,  Assistant  Professor  of  Pharmacology  and  Materia  Medica, 
Western  Reserve  University,  Cleveland,  Ohio.  Royal  octavo  volume  ol 
894  pages,  illustrated.  Cloth,  i6s.  net. 

STARR’S  DIETS  FOR  INFANTS  AND  CHILDREN. 

Diets  for  Infants  and  Children  in  Health  and  in  Disease.  By  Louis  S tarr, 
M.  D.,  Editor  of  "A  Text-Book  of  the  Diseases  of  Children."  230  blanks 
(pocket-book  size),  perforated  and  neatly  bound  in  llcxible  morocco.  5s. 
net. 

STELWAGON’S  DISEASES  OF  THE  SKIN. 

Diseases  of  the  .Skin.  By  HenrV  W.  Si  ei.WACoN.  M.D.,  Clinical  Pro- 
fessor of  Dermatology,  jcffeison  .Medical  College,  Philadelphia.  Royal 
octavo  of  1 1 12  pages,  with  220  text-cuts  and  26  half-tone  and  colored  plates. 
Cloth,  25s.  net. 
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STENGEL’S  PATHOLOGY.  Third  Edition,  Thoroughly  Revised. 

A Text-Book  of  P:ithology.  By  ALFRED  STENGEL.  M.  D.,  Professor  of 
Clinical  Medicine,  University  of  Pennsylvania;  Visiting  Physician  to  the 
Pennsylvania  Hospital.  Handsome  octavo,  873  pages,  nearly  400  illustra- 
tions, many  of  them  in  colors.  Cloth,  21s.  net. 

STENGEL  AND  WHITE  ON  THE  BLOOD. 

The  Blood  in  its  Clinical  and  Pathological  Relations.  By  ALFRED  Sten- 
gel. M.  n.,  Professor  of  Clinical  Medicine,  University  of  Pennsylvania;  and 
C.  Y.  White,  Jr.,  M.D.,  Instructor  in  Clinical  Medicine,  University  of 
Pennsylvania.  In  Press, 

STEVENS’  MATERIA  MEDICA  AND  THERAPEUTICS.  Third 
Edition,  Revised  and  Greatly  Enlarged. 

A Text-Book  of  Modern  Therapeutics.  By  A.  A.  STEVENS,  A.  M.,  M.  D., 
Lecturer  on  Pliysical  Diagnosis  in  llie  University  of  Pennsylvania.  Hand- 
some octavo  volume  of  about  550  pages. 

STEVENS’  PRACTICE  OF  MEDICINE.  Fifth  Edition,  Revised. 

A Manual  of  the  Practice  o(  Medicine.  By  A.  A.  STEVENS,  A.  M.,  M.  D., 
Lecturer  on  Pliysical  Diagnosis  in  the  University  of  Pennsylvania.  Spe- 
cially intended  for  students  preparing  for  graduation  and  hospital  examina- 
tions. Post-octavo,  519  pages  ; illustrated.  Flexible  Leather,  8s.  net. 

STONEY’S  MATERIA  MEDICA  FOR  NURSES. 

Materia  Medica  for  Nurses.  By  the  late  I'.MII.Y  A.  M.  S'TONEY,  Superin- 
tendent of  the  'rraining-School  for  Nurses,  Carney  Hospital,  .South  Bos- 
ton, Mass.  Handsome  octavo  volume  of  306  pages.  Cloth,  6s.  net. 

STONEY’S  NURSING.  Second  Editit  n,  Revised. 

Practical  Points  in  Nursing.  For  Nurses  in  Private  Practice.  By  the  late 
K.mh.y  a.  M.  Stonicy,  Superintendent  of  the  Training-.School  for  Nurses, 
Carney  Hospital,  .South  Boston,  Mass.  456  pages,  with  73  engravings  and 
8 colored  and  half-tone  plates.  Cloth,  7s.  6d.  net. 

STONEY’S  SURGICAL  TECHNIC  FOR  NURSES. 

Bacteriology  and  Surgical  Technic  for  Nurses.  By  the  late  F.VtII.Y  A.  M. 
Stonev,  Superintendent  of  the  Training-School  for  Nurses,  Carney  Hos- 
pital, South  Boston,  Mass.  121110  volume,  fully  illustrated.  Cloth,  5s.  net. 

THOMAS’S  DIET  LISTS.  Second  Edition,  Revised. 

Diet  Lists  and  Sick-Room  Dietary.  By  JEROME  B.  Thomas,  M.  D.,  In- 
structor in  Materia  Medica,  Long  Island  Hospital ; Assistant  Bacteriologist 
to  the  Hoagland  Laboratory.  Cloth,  5s.  6d.  net.  Send  for  sample  sheet. 

THORNTON’S  DOSE-BOOK  AND  PRESCRIPTION-WRITING. 
Second  Edition,  Revised  and  Enlarged. 

Dose-Book  and  Manual  of  Prescription-Writing.  By  E.  Q.  THORNTON, 
M.  1).,  Demonstrator  of  riierapeiitics,  Jefferson  Medical  College,  Phil.adcl 
])hia.  Octavo,  362  Jiages,  illustrated.  Bound  in  Cloth,  6s.  6d.  net. 
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VECKI’S  SEXUAL  IMPOTENCE.  Third  Edition,  Revised  and 
Enlarged. 

The  Pathology  and  Treatment  of  Sexual  Impotence'.  By  Victor  G.  Vecki, 
M.  D.  From  the  second  revised  and  enlarged  German  edition.  Demi- 
octavo,  329  pages.  Cloth,  8s.  net. 

VIERORDT’S  MEDICAL  DIAGNOSIS.  Fourth  Edition,  Re= 
vised. 

Medical  Diagnosis.  By  Dr.  Oswald  Vierordt,  Professor  of  Medicine, 
University  of  Heidelberg.  Translated,  with  additions,  from  the  fifth  en- 
larged German  edition,  with  the  author's  permission,  by  Francis  H. 
Stuart,  A.  M.,  M.  D.  Handsome  octavo  volume,  603  pages  ; 194  wood- 
cuts,  many  of  them  in  colors.  Cloth,  i6s.  net. 

WARREN’S  SURGICAL  PATHOLOGY.  Second  Edition. 

Surgical  Pathology  and  Therapeutics.  By  JOHN  COLI.INS  Warren,  M.  D., 
LL.D.,  F.  R.  C.  .S.  ( Hon.),  Professor  of  Surgery,  Harvard  Medical  School. 
Handsome  octavo,  873  pages  ; 136  relief  and  lithographic  illustrations,  33  in 
colors.  With  an  Appendix  on  Scientific  Aids  to  Surgical  Diagnosis,  and  a 
series  of  articles  on  Regional  Bacteriology.  Cloth,  21s.  net. 

WOLF’S  EXAMINATION  OF  URINE. 

.\  I-aboratory  Handbook  of  Physiologic  Chemistry  and  Urine  Examina- 
tion. By  Charles  G.  L.  Wole,  M.  D.,  Instructor  in  Physiologic  Chem- 
istry, Cornell  University  Medical  College.  121110  volume  of  204  pages, 
illustrated.  Cloth,  5s.  net. 
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ATLAS  AND  EPITOME  OF  INTERNAL  MEDICINE  AND 
CLINICAL  DIAGNOSIS. 

By  Dr.  Chr.  Jakob,  of  Erlangen.  Edited  by  A.  A.  Eshner,  M.  D.,  Pro- 
fessor of  Clinical  Medicine,  Philadelphia  Polyclinic.  With  179  colored  fig- 
ures on  68  plates,  64  text-illustrations,  259  pages  of  text.  Cloth,  13s.  net. 

ATLAS  OF  LEGAL  MEDICINE. 

By  Dr.  E.  R.  von  Hoffman,  of  Vienna.  Edited  by  Freoerick  Peter- 
SO.N,  M.  D.,  Chief  of  Clinic,  Nervous  Department,  College  of  Physicians  and 
Surgeons,  New  York.  With  120  colored  figures  on  56  plates  and  193  beau- 
tiful half-tone  illustrations.  Cloth,  15s.  net. 

\ ATLAS  AND  EPITOME  OF  DISEASES  OF  THE  LARYNX. 

I By  Dr.  L.  Grunwaei),  of  Munich.  Edited  by  Charles  P.  Grayson, 

M.  D.,  Physician-in-Charge,  Throat  and  Nose  Department,  Hospital  of  the 
University  of  Pennsylvania.  With  107  colored  figures  on  44  plates,  25  text- 
illustrations,  and  103  pages  of  text.  Cloth,  12s.  net. 

ATLAS  AND  EPITOME  OF  OPERATIVE  SURGERY.  Second 
Edition,  Thoroughly  Revised  and  Greatly  Enlarged. 

By  Dr.  O.  Zuckerkandi.,  of  Vienna.  Edited,  with  additions,  by  J . CHAL- 
MERS DaCoSIA,  M.U.,  Professor  of  Principles  of  Surgery  and  of  Clinical 
Surgery,  Jefferson  .Medical  College,  Philadelphia.  With  40  colored  plates, 
278  text-illustrations,  and  410  pages  of  te.\t.  Cloth,  15s.  net. 

ATLAS  AND  EPITOME  OF  SYPHILIS  AND  THE  VENEREAL 
DISEASES. 

By  Prof.  Dr.  Fra.N/.  MracEK,  of  Vienna.  Edited,  with  additions,  by  H. 
Boi.ro.N  B.XNC.s,  .M.  D.,  Professor  of  Genilo-Urinarv  Surgery,  University 
anil  Bellevue  Hospital  .Medical  College,  New  York.  With  71  colored  plates, 
16  text-illiistriitions,  and  122  pages  of  te.\t.  Cloth,  15s.  net. 

ATLAS  AND  EPITOME  OF  EXTERNAL  DIS.  OF  THE  EYE. 

By  Dr.  O.  Haab,  of  /airich.  Edited  by  G.  E.  HE  Schweinitz,  M.  D., 
Professor  of  Ophthalmology,  Jefferson  Medical  College,  Philadelnhia.  With 
76  colored  illustrations  on  40  plates  and  228  p.agcs  of  text.  Cloth,  13s.  net. 

ATLAS  AND  EPITOME  OF  SKIN  DISEASES. 

By  Prof.  Dr.  Franz  Mkacek,  of  Vienna.  Edited  by  Henry  W.  Stel- 
VVACON.  M.  D.,  Clinical  Professor  of  Dermatology,  Jefferson  Medical  Col- 
lege, Philadelphia.  With  63  colored  plates,  39  lialf-tone  illustrtUions,  and 
200  pages  of  text.  Cloth,  15s.  net. 

ATLAS  AND  EPITOME  OF  SPECIAL  PATHOLOGICAL  HIS- 
TOLOGY. 

By  Dr.  II.  Durck,  of  Munich.  Edited  by  Ltinvir,  Hektof.N,  M.  D., 
Professor  of  Pathology,  Ru.sh  Medical  College,  Chicago.  In  Two  Parts. 
Part  I.,  including  Circulatory,  Respiratory,  ami  Gastro-intestinal  Tracts,  120 
colored  figures  on  62  plates,  158  pages  of  text.  Part  IF,  including  Liver, 
Urinary  and  Sexual  Organs,  Nervous  System,  .Skin,  Muscles,  and  Bones,  123 
colored  figures  on  60  plates,  192  pages  of  text.  Per  part:  Cloth,  13s.  net. 
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ATLAS  AND  EPITOME  OF  GYNECOLOGY. 
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plates,  65  te.xt-illnstrations,  and  308  pages  of  te.xt.  Cloth,  15s.  net. 

ATLAS  AND  EPITOME  OF  THE  NERVOUS  SYSTEM  AND  ITS 
DISEASES. 

Ity  I’KOKKSSOK  I)K.  CiIK.  |AKi)li,  of  Crlangeii.  From  the  Second  Revised 
ami-  Enlarged  German  Edi/ion.  lulited,  with  additions,  by  iiliWARl)  D. 
I'lsIlKR,  M.  I).,  Professor  of  Diseases  of  the  Nervous  System,  University 
and  Hellevne  Hospital  Medical  College,  N.  Y.  With  83  plates;  copious 
text.  15s.  net. 

ATLAS  AND  EPITOME  OF  LABOR  AND  OPERATIVE  OB- 
STETRICS. 

liy  1)K.  ().  .Sen Alll'KKU,  of  Heidelberg.  From  the  Fifth  Revised  and  En- 
tiiri^ed  German  Edition.  ICdited,  with  additions,  by  ].  Cl. It  TON  EDGAR, 
,\1.  1).,  Professor  of  Obstetrics  and  Clinical  Midwifery,  Cornell  University 
.Medical  .School.  With  126  colored  illustrations.  9s.  net. 

ATLAS  AND  EPITOME  OF  OBSTETRICAL  DIAGNOSIS  AND 
TREATMENT. 

By  Dr.  (J.  SciiakkI'ER,  of  Heidelberg.  From  the  Second  Revised  and 
Enlarged  German  Edi/ion.  Edited,  with  additions,  by  |.  Clikton  Edgar, 
M.  D.,  Profe.ssor  of  Obstetrics  .and  Clinical  Midwifery,  Cornell  University 
Medical  School.  72  colored  plates,  numerous  text-illustrations,  and  copious 
text.  13s.  net. 

ATLAS  AND  EPITOME  OF  OPHTHALMOSCOPY  AND  OPH- 
THALMOSCOPIC DIAGNOSIS. 

By  Dr.  O.  Haah,  of  Zurich.  From  the  Third  Revised  and  Enlarged  Ger- 
man Edition.  Edited,  with  additions,  by  G.  IC  DE  .ScilWEINITZ,  M.  D., 
Professor  of  Ophth.almology,  Jefferson  Medical  College,  Philadelphia. 
With  152  colored  figures  and  82  p.ages  of  text.  Cloth,  13s.  net. 

ATLAS  AND  EPITOME  OF  BACTERIOLOGY. 

Including  a Hand-Book  of  Speci.d  Bacteriologic  Diagnosis.  By  Prof. 
Dr.  K.  B.  I.eiimann  and  Dr.  B.  O.  Neumann,  of  Wiirzbnrg.  From  the 
Second  Rei’ised  German  Edition.  Edited,  with  additions,  by  GEORGE  H. 
Weaver,  M.  D.,  Assistant  Professor  of  Pathology  and  Bacteriology,  Kush 
Medical  College.  In  Two  Parts.  Part  I.,  consisting  of  632  colored  figures 
on  69  plates.  Part  II.,  consisting  of  511  jr.ages  of  text,  illustrated.  Per 
Part:  Cloth,  los.  6d.  net. 
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Saunders’  Medical  Hand=Atlases, 


VOLUMES  JUST  ISSUED. 

ATLAS  AND  EPITOME  OF  OTOLOGY. 

By  Dr.  Gi'STAV  Bruhl,  of  Berlin,  with  the  collalior.'ition  of  Prof.  Dr.  A. 
PdI.ITZER,  of  Vienna.  Edited,  with  additions,  by  S.  MacCuf.N  Smith, 
M.  D,,  Clinical  Professor  of  Otology,  Jefferson  Medical  College,  Philadel- 
phia. 244  colored  figures  on  39  plates,  99  te-vt-cuts,  and  292  pages  of  te.xt. 
Cloth,  13s.  net. 

ATLAS  AND  EPITOME  OF  ABDOMINAL  HERNIAS. 

By  PR1\  A IT)(tCF:NT  Dr.  Okorg  Stn.TAN,  of  (iottingen.  Edited,  with 
additions,  by  Wit, 1, 1AM  B.  Col.F.V,  Clinical  Lecturer  on  Surgery,  Columbia 
University  (College  of  Physicians  and  Surgeons),  New  York  ; Surgeon  to 
the  (jeneral  Memorial  Hospital,  New  York.  With  .13  colored  figures  on 
36  plates,  100  text-cuts,  and  about  275  pages  of  text. 

ATLAS  AND  EPITOME  OF  FRACTURES  AND  LUXATIONS. 

By  Prof.  Dr.  II.  1 1 ICI.FFtRU  II,  of  Creifswald.  Edited,  with  additions,  by 
|o.SEflI  C.  Bi.oiidhiiui),  Associate  in  Surgery,  )ohns  Hopkins  University, 
Baltimore.  With  215  colored  figures  on  72  plates,  T44  text-cuts,  42  skia- 
graphs, and  over  300  pages  of  text. 

ATLAS  AND  EPITOME  OF  DISEASES  OF  MOUTH,  THROAT, 
AND  NOSE. 

By  Dr.  L.  f JrUnwaI.I),  of  Munich.  From  Hie  Second  Revised  and  Fnlara^ed 
(ierman  Jidi/ion.  Edited,  with  additions,  by  |AME.S  E.  NkwcoMH,  M.  I)., 
Clinical  Instructor  in  Laryngology,  Cornell  LIniversity  Medical  School. 
With  42  colored  figures,  39  text-cuts,  and  225  pages  of  text. 

ATLAS  AND  EPITOME  OF  NORMAL  HISTOLOGY. 

Bv  PRIVATnocKN'l'  Dr.  y.  Sniio  l TA,  of  Wiirzburg.  Edited,  with  additions, 
by  (L  CaRI.  HUHKR,  M.  D.,  )nnior  Professor  of  Anatomy  and  Director  of 
the  Histological  Laboratorv,  University  of  Michigan.  With  80  colored 
figures  and  68  text-cuts  from  the  original  of  W.  Ereytag,  and  275  pages 
of  text. 

ATLAS  AND  EPITOME  OF  OPERATIVE  GYNECOLOGY. 

By  Dr.  Oskar  SrilAF.FFF.K,  Privatdocent  in  the  University  of  Heidelberg. 
With  42  colored  figures  and  21  text-cuts  from  the  original  of  A.  Schmitson, 
ami  125  pages  of  text. 

SAUNDERS’  MEDICAL  HAND-ATLASES. 

Three  years  ago  Mr.  Saunders  contracli'd  for  100,000  copies  ol  the  twenty- 
six  volumes  that  are  to  compose  this  series  of  books.  Of  these  twenty-six  vol- 
umes only  eighteen  have  apjieared,  and  yet  over 

80,000  Copies 

have  already  been  imported.  Basing  the  sales  of  future  numbers  on  those 
alri-ady  issued,  the  prospects  are  that  the  ultimate  sale  of  these  volumes  will 
more  than  double  the  figures  originally  set. 


ADDITIONAL  VOLUMES  IN  PREPARATION.. 

19 


Nothnagel’s  Encyclopedia 

OF 

PRACTICAL  MEDICINE. 

ENGLISH  EDITION. 


Edited  by  ALFRED  STENGEL,  M.  D., 

Professor  of  Clinical  Medicine  in  the  University  of  Pennsylvania;  Visiting 
Physician  to  the  Pennsylvania  Hospital. 


JT  is  universally  acknowledged  that  the  Germans  lead  the  world  in  Internal  Medicine; 
i and  of  all  the  German  works  on  this  subject,  Nothnagel’s  “ Speciclle  Pathologie  und 
Ihcrapie"  is  conceded  by  scholars  to  be  without  (iiiestion  the  best  System  of  Medicine 
in  existence.  So  nece.ssary  is  this  book  in  the  study  of  Internal  Medicine  that  it  comes 
largely  to  this  country  in  the  original  German.  In  view  of  these  facts,  Messrs.  W.  B. 
Saunders  ik  Company  have  arranged  with  the  publishers  to  issue  at  once  an  authorized 
English  edition  of  this  great  encyclopedia  of  medicine. 

For  the  present  a set  of  ten  volumes,  representing  the  most  practical  part  of  this 
excellent  encyclopedia,  and  selected  with  especial  thought  of  the  needs  of  the  practical 
physician,  will  he  published.  '1‘hese  volumes  will  contain  the  real  essence  of  the  entire 
work,  and  the  purchaser  will  therefore  obtain  at  less  than  half  the  cost  the  cream  of  the  origi- 
nal. Cater  the  special  and  more  strictly  scientific  volumes  will  he  ofTcred  from  time  to  time. 

'Fhe  work  will  he  translated  by  men  possessing  thorough  knowledge  of  both  F.nglish  and 
German,  and  each  volume  will  he  edited  by  a prominent  specialist  on  the  subject  to 
which  it  is  devoted.  It  will  thus  he  brought  thoroughly  up  to  date,  and  the  English  edition 
will  he  more  than  a mere  tr.anslation  of  the  German  ; for,  in  addition  to  the  matter  contained 
in  the  original,  it  will  also  rejiresent  the  very  latest  opinions  of  leading  special- 
ists in  the  various  departments  of  Internal  Medicine.  'J'he  whole  System  will  he  under 
the  editorial  su])crvision  of  Dr.  Alfred  Stengel,  who  will  select  the  subjects  for  the  English 
edition,  and  will  choose  the  editors  of  the  different  volumes. 

Unlike  most  encyclopedias,  the  publication  of  this  work  will  not  be  extended  over  a 
number  of  years,  but  five  or  six  volumes  will  he  issued  during  the  coming  year,  and  the 
remainder  of  the  series  at  the  .same  rate.  Moreover,  each  volume  will  be  revised  and 
brought  strictly  up  to  the  date  of  its  publication.  'I’his  will  obviate  the  objection  that  has 
heretofore  existed  to  systems  published  in  a number  of  volumes,  since  the  subscriber  will 
receive  the  completed  work  while  the  earlier  volumes  are  still  fresh. 

'I’he  usual  methtid  of  publishers,  when  issuing  a work  of  this  kind,  has  been  to  compel 
physicians  to  take  the  entire  System.  Tliis  seems  to  us  in  many  cases  to  be  undesirable. 
Therefore,  in  purchasing  this  encyclopedia,  physicians  will  be  given  the  opportunity  of 
subscribing  for  the  entire  System  at  one  time;  but  any  single  volume  or  any  number  of 
vf)bunes  may  be  obtained  by  those  who  do  not  desire  the  complete  series.  This  latter 
metliod,  wliile  not  so  profitaI>le  to  the  pnblislicr,  offers  to  the  purchaser  many  advan- 
tages which  will  be  appreciated  hy  those  wlio  tlo  not  care  to  snhscrihe  for  the  entire  work 
at  one  time. 

'I'his  I'nglish  edition  of  Nolhnagrl’s  Encyclopedia  will,  without  question,  form  the 
greatest  System  of  Medicine  ever  produced,  and  the  publishers  fed  confident  that  it 
will  meet  with  general  favor  in  the  medical  profession. 
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NOTHNAGEL’S  ENCYCLOPEDIA. 

ENGLISH  EDITION. 

VOLUMES  JUST  ISSUED  AND  IN  PRESS. 


TYPHOID  AND  TYPHUS  FEVERS.  By  Dk.  H.  Curschmann,  of  Leipsic. 

Editor.  'William  Osier,  M.D.,  F.R.C.P.,  Professor  of  the  Principles  and  Practice 
of  Medicine  in  Johns  Hopkins  University,  Baltimore.  Handsome  octavo,  646  pages, 
72  valuable  text  illustrations,  and  two  lithographic  plates.  Cloth,  21s.  net.  Just 
Ready. 

VARIOLA  (including  'VACCINATION).  By  Dk.  H.  Immermann,  of  Basle. 
VARICELLA.  By  Dr.  Th.  von  Jurgensen,  of  Tubingen.  CHOLERA 
ASIATICA  Qnd  CH^)LER^V  I^k.  C..  Lihbekmeister,  of 

'lubingen.  ERYSIPELAS  and  ERYSIPELOID.  By  Dk-  H.  Lhnhaktz,  of 
Hamburg.  PERTUSSIS  and  HAY-FEVER.  By  Dr.  G.  Sticker,  of  Giessen. 
Editor.  Sir  J,  W.  Moore,  B.A,,  M.D.,  F.R.C.P.I.,  Professor  of  the  Practice  of 
Medicine,  Royal  College  of  Surgeons,  Ireland.  Handsome  octavo  of  682  pages,  illus- 
trated. Cloth,  21s,  net.  Just  Ready. 

DIPHTHERIA.  By  the  editor.  Measles,  Scarlet  Fever,  Rotheln,  By  Dr.  Th.  von 
Jurgensen,  of  Tubingen.  In  Fress. 

Editor,  William  P.  Northrup,  M.D.,  Professor  of  Pediatrics,  University  and  Belle- 
vue .Medical  College,  N.  V.  Handsome  octavo,  672  pages,  illustrated,  including  24 
fuil'page  plates,  3 in  colors.  Cloth,  21s.  net.  Just  Ready. 

DISEASES  OF  THE  BRONCHI.  By  Dk.  F.  A.  Hoffmann,  of  Leipsic.  DIS- 
EASES OF  THE^  PLEURA.  By  Dr.  O.  Rosenbach,  of  Berlin.  PNEU- 
MONIA.  By  Dr.  E.  Aufrkcht,  of  Magdeburg. 

Editor,  John  H.  Musser,  M.D.,  Professor  of  Clinical  Medicine,  University  of  Penn- 
sylvania. Handsome  octavo,  800  pages,  7 full-page  lithographs  in  colors. 

DISEASES  OF  THE  LIVER.  By  Drs.  H.  (Juincke  and  G.  Hopt>E-Snvi,nK.  of 
Riel.  DISEASES  OF  THE  PANCREAS.  By  Dk.  L.  User,  of  Vienna.  DIS- 
EASES OF  THE  SUPRARENALS.  Py  Dk.  E.  Neussek,  of  Vienna. 

Editors,  Frederick  A.  Packard,  M.D.,  Physician  to  the  Penna.  ami  the  Children's 
Hospitals,  Phila.;  and  Reginald  H.  Fitz,  A.  M.,  M.  D,,  Hersey  Prof,  of  the  Theory 
and  Practice  of  Physic,  Tiarvard  Univ.  Handsome  octavo,  750  pages,  illustrated. 


INFLUENZA  AND  DENGUE.  By  Du.  O.  Lkichthnstekn,  of  Cologne.  MALA- 
RIAL DISEASES,  i^y  Dk.  J.  Mannaukkg,  of  Vienna. 

FMitor,  Ronald  Ross,  F.R.C.S..  Eng.,  D.P.H.,  F.R.S.,  Major,  Indian  Medical 
Service,  retired;  Walter  Myers  I«eclurer,  Liverpool  ScIkjoI  of  'Lropical  Medicine. 
Handsome  octavo,  700  pages,  7 full-page  lithographs  in  colors. 

ANEMIA,  LEUKEMIA,  PSEUDOLEUKEMIA,  HEMOGLOBINEMIA.  Py 

I)r.  P.  Khki.ich,  of  Frankfort -on-the-Main,  Dk.  A.  Lazakus,  of  Charlottenlnirg,  and 
Dk.  Fki.ix  Pinkus,  of  Berlin.  CHLOROSIS.  By  Dk.  K.  von  Nookukn,  of 
Frankff>rt-on-the-Mairi. 

Editor,  Alfred  Stengel,  M.D.,  Professor  of  Clinical  Medicine,  University  of  Pennsyl- 
vania. Handsome  octavo,  750  pages,  5 full-page  litluigraphs  in  colors. 

TUBERCULOSIS  AND  ACUTE  GENERAL  MILIARY  TUBERCULOSIS. 

By  Dk.  (i.  Coknkt,  of  B<‘rlin. 

Editor  to  he  anufHim  ed  later.  Handsome  octavo,  7^x5  pages. 

DISEASES  OF  THE  STOMACH.  Py  Dr.  F.  Rikgri,,  of  fnessen. 

Editor,  Charles  G.  Stockton,  M.D.,  Professor  of  Medicine,  University  of  Buffalo. 
Handsome  octavo,  800  pages,  with  29  text-cuts  and  6 full-page  plates. 

DISEASES  OF  THE  INTESTINES  AND  PERITONEUM.  Py  Dk.  IIfkmann 

Nothnagf!-,  of  \ ienna. 

Editor,  Humphry  D.  RoIIeston,  M.D.,  F.R.C.P.,  Physician  to  and  Lecturer  on 
Pathology  at  St.  George's  Hospital,  London.  Handsome  octavo,  800  pages  finely 
ihustrated.  c » » 3 


CLASSIFIED  LIST 

OF  THU 

MEDICAL  PUBLICATIONS 

OF 

W.  B.  Saunders  & Company. 


ANATOMY,  EMBRYOLOGY,  HIS- 
TOLOGY. 

Bbhm,  Davidoff,  and  Huber — A 'Pcxt- 

ol  I lislolo>;y 4 

Haynes'~A  Manual  of  Anatomy,  ...  8 

Heislcr — A 'rexi-i{or>k  of  Kmhryoloj^y,  8 
Leroy  — K.ssenlials  of  Histoloijy,  . ...  16 
McClellan  -Anatomy  in  Relation  to 

Art;  kcKional  Anatomy,  11  ! 

Sabotta — Atlas  of  Normal  Histology,  . 19  * 

I 

BACTERIOLOGY. 

Ball  — Essentials  of  I’aclcriolop^y,  . . . t6 
Eyre — IlacterioloKic  'rechniijiie,  ....  6 , 

Frothingham  — iMal)oral»)ry  (Jiiidc,  . . 7 

Gorham — l.al)«iralory  Bacteriology,  . . 7 

Lehmann  and  Neumann— -Aila.s  of  ; 

Bacteriology, . . . . i8 

Levy  and  Klemperer's  Clinical  Bacte- 
riology,   10  I 

Mallory  and  Wright  — Bailn)!ogical 

'I'cchnique 10  ' 

McFarland  — Pathogenic  Bacteria,  . . ii 

CHARTS,  DIET-LISTS,  ETC. 

Griffith  — Infant’s  Weight  Chart,  ....  8 

Keen — ()^>craiion  Blank 91 

Laine— '1  empcraiure  Cdiart, 10 

Meigs — l‘’ce(ling  in  Karly  Infancy,.  . . 11 
Starr— Diets  for  Infants  and  Cldldren,  . 13 
Thomas — Diet-Lists 14  1 

CHEMISTRY  AND  PHYSICS. 

Brockway — Kss.  of  Medical  Physics,  . 16 
Jelliffe  and  Diekman— Chemistry,  . . 9 

Wolf— Examination  of  Urine 15 

Wolff— Essentials  of  Medical  Chemistry,  16 


EYE,  EAR,  NOSE.  AND  THROAT. 
Briihl  and  Politzer— Atlas  of  ( )toIogy.  19 
De  Schweinitz— Diseases  of  the  Eye,  . 6 

De  Schweinitz  and  Randall — 'Pext- 
B<u»k  of  Diseases  of  Eye,  Ear,  Nose, 

atid  Throat  j 

Friedrich  and  Curtis  — Rhinology,  Lar- 


yngoiogy,  ami  inology 7 

Gleason — Essentials  of  the  Ear 16 

Gleason — l''.sseniials  of  Nose  and  'Phroat,  i6 
Gradle — Nose,  Pharynx,  and  Ear,  ...  7 

Griinwald — Atlas  of  Moiiih,  'Phroat, 

and  Nose, 19 

Griinwald — Allas  of  Dis.  of  Larynx,  . 17 
Haab — Atlas  of  External  Dis.  of  ICyc,  . 17 
Haab— Atlas  of  Ophthalmology,  . ...  18 
Jackson — Manual  of  Di.seases  of  the  Eye,  9 
Jackson  — Essentials  Diseases  of  Kye,  . 16 
Kyle — Diseases  of  the  Nose  and  Throat,  10 


GENITO-URINARY. 


Bangs  and  Hardaway — 'Ptxi-Hook  of 
( lenito-Urinary  and  Skin  Diseases,  . . 2 

Hyde  and  Montgomery— Syphilis  and 

the  Venereal  Diseases, 8 

Martin— Essentials  of  Minor  Surgery, 
Bandaging,  and  Venereal  Disc.ascs,  . 16 
Mracek — Atlas  of  Syphilis  and  the  Ven- 


ereal Diseases. 17 

Senn — ( icnito-Urinary 'I'nbcrculosis,  . . 13 
Vecki — Sexual  Impotence, 15 


GYNECOLOGY. 

Baldy — 7’ext-Book  of  Gynecology,  . . 2 

Cragin — ICssentials  of  Gynecology,  . . 16 
Garrigues — I )iscases  of  Women,  . . 7 

Long — Syllabus  of  Gynecology,  ....  10 
Penrose — Diseases  of  Women,  ....  12 
Schaeffer — Atlas  of  Gynecology,  ...  18 


Schaeffer — Atlas  of  Oper.  Ciynecology,  19 


CHILDREN. 


Griffith — Care  of  the  Baby, 8 

Griffith  — Infant's  Weight  Chart,  ...  8 

Meigs — Keeding  in  Early  Infancy,  . . . ii 
Powell  — Essentials  of  Dis.  of  Children,  if) 
Starr — Diets  for  Infants  and  C'hildren,  . 13 
Starr — 'I’ext-Book  of  Diseases  of  Chil- 
dren,   I 

DIAGNOSIS. 

Cohen  and  Eshner— Essentials  of  Diag- 
nosis,   ifi 

Corwin  — Physical  Diagnosis, 5 

Vierordt  — \lcdical  Diagnosis 15 

DICTIONARIES. 

Dorland  lllnstnited  Medical  Diction 

:iry. 3 

Dorland  — Pocket  Medical  l.)icliunary,  . 3 


HYGIENE. 

Abbott— Hygiene  of  Transmissible  Dis- 


eases,   4 

Bergey — Principles  of  Hygiene,.  ...  4 

Pyle — I’ersonal  Hygiene, 12 


MATERIA  MEDICA,  PHARMA- 
COLOGY,  and  THERAPEUTICS. 
Butler — Trxl  Huok  of  Materia  Mcdica, 
riieraiiemics,  ami  I’liannacoloRy,  • ■ 5 

Morris— Ifss.  of  M.M.  ami  Tlieiaiiemics,  i6 
Saunders'  l’<ickct  Medical  Foi imilary,  12 

Sayre — Kssenlials  of  I’liarmaey 16 

Soil  mann— Text -Hook  of  I’liarniacoloRy,  13 


Stevens— Modern  'I'lieraiieiilics 14 

Stoney— Materia  Mcdica  for  Nurses,  . . 14 
Thornton  — I’rescriplionWiitinK.  ...  14 

Wilson— 'I'ext-Hook  ol  Applied  Thera- 
peutics  * 
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MEDICAL  JURISPRUDENCE  AND 


TOXICOLOGY. 

Chapman — Medical  Jurisprudence  and 

roxicology 5 

Crothers —Morphinism 5 

Golebiewski —Atlas  of  Diseases  Caused 

by  Accidents, 18 

Hofmann — Atlas  of  Legal  Medicine,  . . 17 

NERVOUS  AND  MENTAL  DIS- 
EASES. ETC. 

Brower— Manual  of  Insanity, 5 

Chapin — Compendium  of  Insanity,  . . 5 

Church  and  Peterson— Nervous  and 

Mental  Diseases, 5 

Jakob — Atlas  of  Nervous  System,  ...  18 
Shaw — Essentials  of  Nervous  Diseases 
and  Insanity, 16 

NURSING. 

Davis — Obstetric  and  Gynecologic  Nurs- 
ing,   6 

Griffith — The  Care  of  the  Baby,  ....  8 

Meigs  — Feeding  in  Early  Infancy,  . . . n 
Stoney — Materia  Medica  for  Nurses,  . 14 
Stoney — Practical  Points  in  Nursing,  . 14 
Stoney — Surgical  Technique  for  Nurses,  14 

OBSTETRICS. 

Ashton  — Essentials  of  Obstetrics,  ...  16 
Boisliniere — f)bstetric  Accidents,  ...  4 

Dorland— Modern  Obstetrics 6 

Hirst — '1  ext-Book  of  ( )bsletricS,  ....  8 

Norris- Syllabus  of  Obstetrics,  . . . . ii 
Norris — 'fext-I^ook  of  Obstetrics,  ...  2 

Schaeffer — .Atlas  Labf>r  and  Oper.  Obs.  18 
Schaeffer — Atlas  of  Obstetrical  Diag- 
nosis and  Treatment, 18 


PATHOLOGY. 

Durck — Allas  of  Pathologic  Histology,  17 
Hektoen  and  Riesman— rext-Book  of 


Pathology, 2 

Kalteyer— Essentials  of  Pathology,  . . 16 
Mallory  and  Wright — Ibuhological 

Tcchnicjne, 10 

Senn— Pathology  and  Surgical  Treat- 

mcfjt  f»f  'I’umors 13 

Stengel -'Pext-Book  of  Pathology,  . . 14 

Stengel  and  White  — Blond, 14 

Warren — Surgical  Pathology, 15 

PHYSIOLOGY. 

Budgett  — Essentials  of  Physiology,  . . 16 
Howell — I ext- Book  fif  Physif)b»gy,  . . 2 

Raymond— I ext-Book  of  l’hysi(j|ogy,  . 12 


PRACTICE  OF  MEDICINE. 

Anders— Practice  of  Medicine, ^ 
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